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PREFACE. 


This Treatise was commenced to supply a course of Practical 
Chemistry to my own classes. I was encouraged to proceed 
with it by linding that the want of a suflSciently systematic 
and explanatory Laboratory Text-Book was very widely felt. 

It has been my aim throughout to give all necessary 
directions so fully and simply as to reduce to a minimum 
the assistance required from a teacher. The language 
employed has, I trust, been rendered simple and intelligible, 
by avoiding the unnecessary use of scientific terms, and 
by explaining or paraphrasing in ordinary words any such 
terms when they are introduced for the first time. 

The directions for working, and the descriptions of the 
preparation and use of apparatus, have been given more 
fully than is usual. My own experience, which is con- 
firmed by that of other teachers, convinces me that one of 
the ipost serious hindrances to the utility of many of the 
smaller Text-Books on Practical Chemistry is the conciseness 
of the language employed ; on this account it is unintelligible 
to the student unless it is supplemented by very copious 
verbal explanation from the teacher. 

Whilst the very desirable amplifications above referred to 
have been made, all such instruction as does not directly 
bear on the ordinary requirements of the laboratory student 
haye been omitted, and the supplementary and explanatory^ 
portions have been inserted in smaller type. , 

I Wve also thought it best to avoid entering into an.ir 
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lengthy theoretical explanations. The modem teaching of 
chemistry is in practice very appropriately divided into 
two departments ; namely, theoretical instruction imparted 
by classes and lectures, or by the study of text-books of 
theoretical chemistry ; and practical experience acquired in 
a chemical laboratory by working according to the direc- 
tions of a Practical Text-Book. Since by this system the 
student has time and opportunity afforded him elsewhere 
for the study of the theoretical and descriptive portions 
of the science, it is unnecessary and undesirable that his 
Practical Text-Book should tempi him to bestow valuable 
time in the laboratory upon the consideration of matters 
which do not directly bear upon his experimental work. 

The analytical reactions and methods have been carefully 
worked through from the text by myself and by the mem- 
bers of my classes : the accuracy and intelligibility of their 
description have thus, I hope, been secured. Only those 
reactions and methods, which are commonly employed for 
analytical purposes, have been described. In selecting 
analytical methods, I have felt it desirable that those 
chosen should be as simple and easy of execution as pos- 
sible. In some cases, however, the methods which are most 
eligible on these grounds have proved on trial to be unsatis- 
factory in accuracy and delicacy. They have therefore 
been abandoned in the Analytical Tables, and other methods, 
which are recommended by their trustworthiness rather than 
by their simplicity, have been entered. In such cases, how- 
ever, I have described the more simple methods also, since 
they may be employed in analyses in which minute quantities 
of substances have not to be tested for. 

I have felt it advisable to introduce reactions which 
are useful in general analysis rather than those which claim 
to be merely interesting and instructive ; and I have not 
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hesitated to adopt methods which are not quantitative, if 
they are easy and accurate for qualitative analysis. 

The book is intended to give a course of instruction, 
which is suited to the general requirements of laboratory 
students. Those who are using the book for any special 
purpose, or who wish to prepare themselves for any particular 
examination, should note that it has been divided into seven 
Sections. The objects of these Sections are stated below 
and their Contents are given in detail on pages xi— xxii. 

The first six Sections, omitting the Fifth, contain a good 
practical course for senior students. This course may, how- 
ever, be somewhat modified and amplified to suit junior 
students, who will also possibly substitute the Fifth Section 
for the Sixth. 

The Fifth Section has indeed been inserted for the use of 
medical, pharmaceutical and engineering students, and for 
those who are preparing for practical examinations in which 
proficiency in the analysis of a simple salt only is required 
of the candidate. This is the standard fixed for some of 
the medical examinations and for some of the more 
elementary examinations in analytical chemistry. 

The Sixth Section supplies a full set of Tables, which 
are suited for the analytical work of advanced students, and 
will be found sufficient to qualify a student for the higher 
University examinations and for the examination of the 
Institute of Chemistry in qualitative analytical chemistry. 

The Seventh Section of the book contains suggestions re- 
garding the fitting and furnishing of the laboratory, together 
with full lists of all the apparatus, reagents and chemicals 
which are required in working through the different Sections 
of the book. There is added a list of general apparatus, 
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with a description when necessary of its construction 
and use. 

In this Section there will also be found full and systematic 
descriptions of the most simple methods for preparing the 
different solutions which are required in analysis, with a 
statement of the strength which is most appropriate for 
each. Experience has proved that this information is not 
only very convenient, but tends largely to secure economy of 
time and money in the preparation for laboratory work. 

This Section concludes with Tables of Atomic Weights, 
and of French and English Weights and Measures. 

Symbolic notation has been employed throughout the 
Sections on analytical chemistry. In its most concise form, 
this chemical shorthand conduces so much to brevity in 
writing down results, that no other plea is required for its 
use. The simple plan of entering upon the label of each 
bottle in the laboratory not only the chemical name but also 
the chemical formula of its contents, will prevent the general 
use of chemical formulae from causing perplexity to beginners. 
A reference to the lists of chemicals in Section VII. will also 
fnrnish the formula which corresponds to the name of any 
substance. It has, however, been thought well to insert the 
chemical name of each substance together with its formula, 
when the substance is first referred to in the text. 

The only point in nomenclature worthy of note is that the 
hydroxides of the metals are frequently referred to by their 
less modern designation of hydrates. 

Th^ arrangement of all Tables across instead of along the 
pages renders the turning of the book unnecessary, a con- 
venience which will be appreciated by all laboratory students. 

The “ Tables of Differences ” contain a summary of the 
differences of behaviour of the members of each Analytical 
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Group with reagents. These Tables serve as useful guides to 
elementary analytical work, and furnish explanations of the 
Analytical Tables. 

It is almost superfluous to mention that free use has been 
made of the older standard treatises on Chemical Analysis ; 
and my work has partly consisted in remodelling and com- 
bining the information, which they furnish, in a systematic 
and convenient form. My acknowledgments are also due 
to many contemporary experienced teachers who have made 
valuable suggestions of addition and emendation. 

The book is intended to furnish a course of general 
laboratory instruction in practical chemistry and qualitative 
analysis. Such a course should precede the higher training 
of the professional and pharmaceutical chemist and of the 
medical man, and the more special training of the technical 
chemist and of the chemical engineer. Sound elementary 
instruction in practical science is now, however, generally 
valued not only as a preparation for a professional career, and 
for many branches of manufacturing industry and enterprise, 
but also as an important branch of general mental training. 

The {)resent Edition has undergone revision mainly in 
Section II. on the preparation and detection of gases | 
and in Section IV., Part IV., and the latter part of 
Section VI., which deal with the reactions and detection of 
organic substances. 

I have again to thank Professor Coleman, A.R.C.Sc., 
F.I.C., for suggestions in connection with this revision. 

F. 0. 


London, 1908. 
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APPARATUS FOR EACH BENCH-LOCKER. 


1 Bunsen^s-burner with tubing (i). 

1 Test-tube stand, with twelve holes. 

12 Test-tubes. 

1 Test-tube brush ( 13 ). 

2 Boiling-tubes. 

2 Bound glass plates. 

2 Porcelain dishes. 

2 Watch-glasses. 

1 Four-ounce conical flask. 

1 Pestle and mortar. 

1 Iron tripod- stand. 

1 Piece of coarse iron wire-gauze. 

3 Glass funnels, and some cut filter-papers. 

3 Small beakers. 

3 Glass rods (lo). 

1 Piece of platinum-foil. 

2 Pieces of platinum-wire ( 9 ). 

1 ^outh-blowpipe ( 6 ). 

1 Pipe-clay triangle (fig. 81, 1076 ). 

1 Wash-bottle (l 2 ). 

1 Betort-stand. 

1 Wooden filter-stand (fig. 49, 92 ). 

1 Pair of brass crucible tongs. 

1 Small horn or vulcanite spatula. 

1 Wicker draining-basket ( 15 ). 

A fuller description of this apparatus will be found in paragraph 
XX2X. Most of the apparatus may be seen on the bench in the 
Frontispiece illustration. The refeience numbers in brackets refer 
to paragraphs in which the appamtus is described. 




SECTION I. 


PREPARATION AND USE OF APPARATUS. 


General Remarks. — A student who is commencing work in a 
general laboratory will find on the preceding page a list of the 
apparatus which should be contained in his private locker. This 
apparatus should be looked through, fitted, and cleansed, as is 
directed in this Section. 

In the Seventh Section will be found particulars of other apparatus, 
which may be used by many students in common ; also lists of the 
various reagents, and the methods of preparing them. 

For convenience in reference, paragraph numbers are printed in 
the text in black type, and in square brackets at the top of each 
page. 

Paragraphs which are printed in small type may be passed over if 
the student’s time is limited. 


Flames for Heating. 

I, The Bunsen Burner (fig. 1) is generally employed in 
the labojmtory for heating purposes. It is so constructed 
that coal-gas, entering near its base, is 
mixed with a proper proportion of air 
before it is burnt. The air is drawn 
in through holes at the lower part of 
the burner, and the mixture of gas and 
air is burnt at the top of the upright 
tube. The oxygen of the air, which is 
thus mixed with the gas, burns the car- 
bon in the body of the flame. Accord- 
ingly the luminosity, which depends 
upon the existence in the flame of ®unsbn-Burnbr. 
unburnt carbon or carbon compounds, is destroyed. 

The Bunsen-flame is therefore mainly useful, because it 


Fig. 1. 
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THE BUNSEN BURNER. 
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deposits no particles of soot when it is in contact with any 
surface. Its high temperature and non-luminosity also 
render it very valuable for producing flame-colorations. 

The burner should be provided with some means for 
partly or entirely closing the air-holes when requisite. This 
is usually eflfected by turning round a loose perforated ring 
outside the holes. If the flame is reduced to small 
dimensions, the supply of air should be partly shut oflT, else 
the flame is apt to recede. 

When the burner is to be used, it is connected by means 
of a piece of tightly-fitting rubber tubing, about 5-16thsof 
an inch in internal diameter, with the tube which supplies 
gas to the working-bench. The tap is then turned on, and 
in a few seconds the gas is lighted. The flame should be 
almost perfectly colourless and non-luminous. 

Occasionally the gas will hum below, that is, at the 
bottom instead of at the top of the burner. This usually 
happens when the flame is small and the quantity of air 
admitted through the holes is too great. It also occurs 
when the burner is lighted too soon after turning on the 
gas- tap. A luminous flame may then be seen through the 
holes near the base of the burner, burning from the small 
gas-jet inside. The flame at the top of the burner will also 
be long and somewhat luminous, and will emit a very un- 
pleasant smell, which is due to the incomplete combustion 
of the gas. In such a case the flame should be at once 
extinguished by pinching the rubber tubing close to the 
burner, and the gas should be relighted after it has escaped 
for a few seconds. 

The above statements should be proved by trial, and the 
effect of partially or entirely closing the air-holes of the 
burner should be observed. 

The Rose-top (fig. 1 a) is employed for diffusing the heat of the 
flame over a large surface. It is a small perforated metal cap which 
Is placed upon the top of the burner, and yields a circle of flames. 
The rose-top is put on the burner and removed from it by means of 
crucible-tongs. It is of course very hot after being used, and should 
never be handled, or placed upon wood or glass, until it is cool. 
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2. Fletcher’s Solid>flame Burner is most convenient and satis* 
factory for heating large vessels. In its smallest size (figs. 2, 3) this 
burner is also very convenient on the student’s working, bench. The 
burner shown in the figures is the Bunsen -Argand. It furnishes a 

Fig. 2. Fig. 3. 


Fletcher’s Burners 

short,, compact, and hot flame, and it presents the advantage that the 
air-supply is self-adjusting. The form of this burner, shown in fig. 3, is 
furnished with supports for flasks and dishes which are being heated. 

3. The Spirit Lamp is occasionally employed instead of a gas- 
burner ; but for general purposes it should only replace the gas- 
burner when coal-gas cannot be obtained. 

The spirit-lamp (fig. 4) consists of a glass vessel containing methy- 
lated spirit, into which dips a cotton wick supported by means of a 
brass or stoneware wick-holder. When the lamp is not in use the 
upper end of the wick should be always 
covered with the glass cap, in order to 
prevent evaporation of the spirit. If 
the spirit is tolerably free from resin- 
ous matteV, its flame will be non- 
luminous and will deposit no soot. In 
this lamp the spirit is vaporised as it 
comes into contact with the flame. 

Other Special Burners for consum- 
ing a mixture of air with vaporised 
methylated spirit or petroleum, or with 
acetylene gas, are now obtainable, 
and may be used in laboratories where 
a supply of coal-gas is not available. 

A burner similar in form to the Bunsen-burner (i) for burning a 
mixture of vaporised methylated spirit with air, and a metal lamp 
which furnishes a smokeless, non-luminous flame with vaporised 
petroleum oil, are described in paragraph 1x19. A modified Bunsen- 
burner, suitable for burning acetylene, may now be purchased ; and 


Fig. 4. 



Spirit-Lamp. 





CUTTING GLASS. 


since acetylene can be prepared with great ease from calcium carbide, 
and then stored in a small gas-holder, such burner can be used in 
laboratories which are situated at a distance from gas-works, and 
an ordinary laboratory attendant may readily perform the duties of 
gas-maker 


Cutting and Bending Glass. 

4. Glass Tube or Rod is Out by laying it upon a flat sur- 
face, and making a deep scratch with the edge of a three- 
cornered file at the point to be cut. The glass is then held 
with both hands, one on each side of the scratch and close to 
it, and a gentle pressure is exerted upon the glass as if trying 
to break it across (fig. 5 ). If the file-mark has been made 
sufficiently deep, the glass will readily break at this point. 

The sharp edges of a freshly-cut rod or tube should always 
be at once rounded. This is effected either by holding 
the end of the tube in the Bunsen-flame or blowpipe-flame 
^ until the edges are 

melted (fig. 8, 

P‘ or by rubbing 

In sharp edge 

\ ^ 1 with the face of a file. 


' I \ U jj Select a length of 

tubing. 

Cutting the Glass. which is about one- 

eighth of an inch in 
internal diameter. Cut from it one piece about ten inches 
and two pieces about five inches long, and carefully round 
off their sharp freshly-cut edges. Also cut off three pieces 
of glass rod, respectively seven, six, and three inches in 
length. Keep these for future use. 

5, Glass Tube is Bent by holding it in the upper edge 
of a common fish-tail gas-flame, so as to heat at least two 
inches of the glass (fig. 6). The tube is supported by both 
bands, one on either side of the flame ; and is constantly 
turned slowly round on its axis, in order to heat all sides 
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equally. As soon as the glass is felt to be soft and pliable, 
it is taken out of the flame and is at once quickly bent to 
the required angle. The heated part must not be allowed 
to touch anything until it is cold. The soot is then removed 
from it by a cloth or by a piece of paper. 

If a bend is properly made, it should be a curve and should 
not alter the bore of the tube (fig. la). If a sharp angle 

Fig. 6. 


Bending Glass. 

Good Bend (a), Bad Bend ( J). 

is made, the bore will be narrowed (fig. 7 &), and the bend 
will be unsightly and weak, and liable to break under 
a small strain. 

Bend the longest piece of glass tubing ( 4 ) at right angles, 
so that the shorter part is about two inches in length. 
Keep this for future use. 

The Bunsen-flame is not suitable for bending ordinary glass 
tubing ; its shape is inconvenient, and the flame is so hot that it 
softens the glass too much and causes it to get out of shape. 

Glass rod, hard glass tube, and tube with thick walls or small 
bore, however, may be bent in the Bunsen-flame, or even in the 
blowpipe-flame. 




The Blowpipe, and its Use. 

6. The Blowpipe is used for producing a small but very 
hot flame, which can be made to assume any desired 
direction. This is effected by blowing a fine stream of air 
from the mouth through a gas-flame. The blowpipe is held 
in the right hand, with its finely pierced tip resting on the 
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edge of the burner, and just inside the flame (fig. 8). The 
mouthpiece is then taken between the lips ; and after the 
cheeks have been blown out to their full extent, the air con- 
tained in them is forced out through the jet. This produces 
a small pointed conical flame in the direction of the blast. 

The chief diflSculty in using the blowpipe properly is expe- 
rienced in maintaining the blast of air uninterrupted by the 
breathing. Patient trial will, however, remove this difficulty. 

It must be borne in mind that the cheeks are to be kept 
constantly inflated with air, and that the air must be forced 
through the blowpipe by the pressure of the cheeks^ and not 
by the diction of the lungs. Breathing is carried on through 



the nose ; and the mouth is occasionally replenished with 
air from the throat, the blast being meanwhile maintained 
by the cheek-muscles only. 


It is frequently necessary to have both hands free while 
the blowpipe is being used. This may be secured by resting 
the blowpipe-jet upon the top of the gas-burner and support- 
ing the mouthpiece by the lips alone, as is shown in flg. 9. 
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A small flame, made luminous by nearly closing the air- 
holes of the Bunsen -burner, is better suited for most blow- 
pipe-work than the ordinary non -luminous flame. 

It is important that the hole in the nozzle of the blow- 
pipe should be small, else a good flame will not be obtained, 
and it will also be found difficult to maintain a continuous 
blast. 

The student should, as soon as possible, acquire dexterity 
in the use of the mouth blow -pipe, since its flame serves for 
many of the shorter heating processes of the chemical 
laboratory. 

7. A Fletcher-Bunsen blowpipe (fig. 10) which is fed with air from 
the Fletcher foot-bellows (fig. 11), or from a mechanical or water 
blower, is often advantageously employed for maintaining a high 
temperaturein fusion processes, or for extensiveglass-workingor glass- 
blowing. It will also be found convenient for many other purposes. 

This specialform of Bunsen-burner blowpipe (fig. 10) is suitablefor 
many purposes. It consists of a somewhat large Bunsen-burner (i), 


Fia. 10. 
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which is furnished with two taps. One of these taps controls the 
gas-supply, the other controls the air-blast from the bellows. 

When a Bunsen-flame is required, the gas is supplied to the 
burner, and the air-supply is adjusted at the base of the burner by 
the ring D. 

When the blowpipe-flame is to be used, the metal ring B is placed 
upon the top of the burner so as to reduce the aperture, and the 
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supply of gas and the air-blast are regulated until a flame of the 
necessary character is obtained. 

The Bunsen Oas-hlowpipe (iii8) will be found better adapted than 
the Fletcher- blowpipe for more elaborate glass-blowing and working. 

The Herapath Gas-blowpipe (1118) is convenient for smaller heat- 
ing purposes. It can, if desired, be readily blown by the mouth. It 
may be purchased without the foot and the tap, the upright tube 
being then slipped down the tube of a Bunsen-burner. 

A Petroleum, or Spirit, Blowpipe (mp) may be used where coal- 
gas is not available. It possesses the advantage of being portable 
and of requiring no bellows or air-blast. 

8. Small Ignition- tubes. — One of the pieces of hard- 
glass tubing, about five inches in length (4), is drawn out at 
its middle point by heating it strongly in the blowpipe- flame 
(fig. 9). While the tube is being heated, it is held in 


Fig. 12.' 



Glass Tube dbawn out. 


both hands, and is constantly turned round upon its long 
axis in order to secure uniform heating. As soon as the 
glass is softened, it is gradually drawn out by pulling the 
ends of the tube in opposite directions. The narrowed 
portion of the tube (fig. 12) is then cut across (4) at its 
middle point. By heating the conical part (a) in the blow- 
jg pipe-flame, the narrowtubemaythen^ 

^ ^ he drawn off, and a small closed' 
Wm iihi nr , tube is obtained (fig. 13), If the 

Ignition-Tube. closed end is heated to redness in 
the blowpipe-flame, it may be ex- 
panded into a small bulb by gently blowing down the tube. 

Small test-tubes, three inches long by half an inch in 
diameter, will also serve for ignition-tubes. 

9. Mounted Platinum wires.— Select a length^ of platinum 
wire about as stout as an ordinary pin. Ascertain that the 
wire does not permanently impart colour to a Bunsen- flame 




10.] PLATINUM WIRE, STIRRING-ROD. ^ 

when it is heated to bright redness in the dame. Cut off 
two pieces of this wire, each about two inches in length, and 
proceed to fix them iti glass handles in the following way, in 
order to prevent them from being lost and to facilitate their 
being held in the fingers. 

Draw out at its middle point (fig. 12) the piece of glass 
tube (4) about five inches in length, and cut it across at 
the middle of the narrow portion. Each of the pieces of 
tube thus obtained serves for the handle of a wire. 

Break off the narrow part of the tube until it extends only 
about a quarter of an inch from the shoulder, a (fig. 12). 
Insert the end of the platinum wire into this narrow opening. 
Then hold the end of the tube, containing the wire, in the 
blow-pipe fiame, until the glass melts and thickens around the 
end of the wire, fixing it firmly when cold (fig. 14). The 


Fig. 14. 



Mounted Platinum Wire. 


free end of the wire may then be rolled round a stout wire 
into a loop about an eighth of an inch across. 

10. Glads Stirring-rods. — Kemove by a file any small 
projections from the ends of each of the glass* rods, which 
were made (4) by cutting some solid glass -rod into lengths of 
about three, six, and seven inches. Then heat both ends of 
each rod to redness in the tip of the blowpipe-flame, the 
rod being meanwhile constantly turned round on its long 
axis (fig. 8, p. 6). The sharp edges of the glass are thus 
rounded by fusion. The end of the rod must not be allowed 
to touch anything until it is cool. 

Sometimes a very slender glass rod is required. This may 
be obtained by heating a suitable point in an ordinary rod 
with constant rotation in the blowpipe-flame until the glass 
is well softened, and then drawing the glass out to the 
requisite fineness. See fig. 9 (p. 6) and fig. 12. 
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Boring Corks. 

II, A Cork may be Bored, for the insertion of a glass 
tube, by gradually pushing through it a sharply pointed and 
slender round file with a constant twisting movement, and 
then enlarging the hole with the file to the necessary size. 

The Cork-borer, which is a brass tube sharpened at one 
end, is, however, more commonly used. 

A borer must be selected which is rather less in size than 
the glass tube which is to be inserted into the cork. The 
cork is then pressed against a wooden surface or grasped 
firmly in the hand, and the perforation is made by gently 
pushing the borer through it with a constant movement of 
rotation backv/ards and forwards upon its axis (fig. 15). 
Caution and practice will enable the student to make a clean 

straight hole without 
damaging the sur- 
rounding parts of the 
cork. 

In making a single 
central hole through a 
cork, it is well to bore 
from the centre of one 
end of the cork half- 
Boring a Cork way towards the other 

end, and then reverse 
the cork and bore a hole to meet this from the centre of 
the opposite end. In this way a hole which is central in 
position throughout the cork is most easily obtained. 

A slender round file is used for smoothing the sides of a 
hole which has been made by a cork-borer, or for slightly 
enlarging it. Great care must be taken to leave the hole 
round in shape, and not to enlarge it so much that the glass 
tube fits loosely. 

The cutting edge of the cork -borer is sharpened by rubbing 
its inner surface with a round file, and then rubbing the 


Fig. 15. 
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outer surface obliquely with the face of a flat or triangular 
flle. 

Rubber Stoppers are perforated in a similar manner by a sharp 
borer which is either partly filled with water, or is moistened with 
alcohol or glycerine. 


Fitting the Wash-bottle, 

12 . The Wash-bottle. — A thin, flat-bottomed, conical flask, 
about eighteen ounces in capacity, and not less than an inchin 
diameter in the neck, should be fitted as is shown in fig. 16. 

For this purpose a sound cork is selected which is slightly 
too large to enter the neck of the flask. The cork is softened 
by rolling it backwards and forwards 
under the foot with gentle pressure ; 
it must now fit tightly into the neck 
of the flask. 

Two pieces of glass tubing, rather 
longer than the tubes (a, 5), are 
then bent ( 5 ) into the form shown 
in fig. 16. Their ends are cut off 
to the right length, and the sharp 
edges are rounded by holding them 
in the Bunsen-flame, or by rubbing 
them with the face of the file. 

Two parallel holes are then bored 
through the cork, with a proper 
sized cork-borer (li) or by means 
of a round file. The holes must be 
somewhat smaller than the glass tubes, and must not run 
into one another or to the outside of the cork. They are 
smoothed, and slightly enlarged if necessary, by means of 
the round file. 

Into these holes the tubes (a, b) are then gently pushed 
with a twisting motion. They must enter somewhat stiffly, 
but without requiring much pressure. If the holes have 
been carelessly made too large, the tubes may often be made 


Fig 16. 
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to fit by slipping upon them little pieces of wetted narrow 
india-rubber tubing, or by putting the wotted pieces of 
india-rubber tubing into the holes in the cork before the 
glass tubes are pushed in. 

A Rubber Stopper is much more durable than a cork for this and 
for most other chemical purposes. It may be purchased with two 
holes already made, or may be perforated by a sharp well-wetted 
cork-borer (ii), or. by a wetted round file. Both the glass tubes and 
the inside of the holes should be well wetted before the tubes are 
pushed in, since water serves as a lubricant for glass against india- 
rubber. 

Before the further fitting of the wash-bottle is proceeded 
with, the cork with the tubes is inserted into the neck of 
the flask. One tube is then closed with the finger, and air is 
blown through the other tube into the flask, so as to produce 
pressure in its interior. The cork is meanwhile carefully 
watched in order to ascertain whether there is any escape of 
air. A leakage is as a rule easily heard : but if the outside 
of the cork is wetted with water, any escape of air- bubbles 
will be readily seen. 

If the cork is air-tight, a piece of rubber tubing, about 
an inch in length, is pushed upon the upper end of the 
tube (a). A short jet (c), which has been made by drawing 
out a piece of glass tubing in the flame (figs. 9, 12, pp. 6, 8), 
is fitted into the other end of the rubber tube. The narrow 
opening of the glass jet may be contracted, if necessary, by 
holding it in the flame for a short time and slightly fusing 
the edges of the glass. 

If the wash-bottle is to be heated, the neck of the flask 
should now be bound round with twiile like the handle of a 
cticket bat, or tightly covered with a folded strip of flannel. 
The neck, when thus protected, can be grasped with com- 
fort even after water has been boiled in the flask and the 
neck has become heated by steam. 

The wash-bottle is now filled about two-thirds with dis- 
tillled water, and is ready for use. 

Tap^water should never he kept in the wash-dx^iUe, 

A fine stream of water may be obtained from the jet (c). 
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by blowing down the tube (b). This stream serves for wash- 
ing precipitates and for other purposes. A larger stream 
may be obtained by inverting the flask, when the water will 
flow out from the end of the tube (b), air entering mean- 
while by the tube (a) : this stream can be made to issue 
with greater force and speed by blowing down the tube (a). 

When hot water is required, the wash-bottle is supported 
on a tripod-stand upon a piece of coarse iron-wire gauze, and 
is heated by the Bunsen-flame : or it may be heated by the 
small Fietcher-burner (fig. 3, p. 3), 

When Boiling Water, or a Liquid which gives off Vapour or Gas, 

is used in the wash-bottle, a special stopper, shown in fig. 17, should 
be fitted into the neck of the bottle, in order to pre- 
vent the vapour of gas from entering the mouth. 

The stopper is perforated with three holes. 

Through the centre hole is pushed a short glass 
tube (a)f which terminates just above and just below 
the stopper. 

The other holes carry the j'et-tube {b) and the blow- 
tube (o), as in the ordinary wash-bottle. The lower 
end of the blow-tube, however, is fitted with a valve, 
which is formed by slipping over it a piece of rubber 
tube with a slit cut in it (c) and closed below by a 
piece of glass rod. 

While the wash-bottle is being used the tube {a) is 
closed with the finger, and air is blown in through 
the valve («). The valve prevents air from return- 
ing through the blow-tube and introducing vapour or gas into the 
mouth. When the stream is to be stopped, the linger is removed 
from the tube (a) and the pressure of air in the interior of the fldsk 
is thus released. 


Fig 17. 



Fitting fob 
Hot-Water 
Bottle. 


Cleaning Apparatus. 

It is indispensable that all glass and porcelain apparatus 
should be kept scrupulously clean, and before the student 
begins his work, he will do well to clean his set of apparatus 
as is directed below. 

13. Test-tube Brasil. — This brush is constantly in use for 
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cleaning glass and porcelain apparatus. The piece of sponge, 
which is ordinarily fastened on the end of the brush (fig. 18a), 
does not adapt itself well to the bottom of test-tubes and 
boiling-tubes. A much more efficient -end is given to the 
brush by removing the sponge and then bending back the 
end of the wire stem sharply upon itself at a point just above 
where the hairs commence (fig. 18 b). By slightly curving’ 
the part of the stem carrying hairs, the brush will better 
adapt itself to curved surfaces such as those 
of porcelain dishes. 

14. Test-tubes, Beakers, Funnels and 
Porcelain-dishes are washed in a stream of 
tap-water, their surfaces being rubbed mean- 
while by the test-tube cleaner (fig. 18 b). 
The brush must be cautiously moved as it 
approaches the botcom of a test-tube or boil- 
ing-tube, since the glass is very thin, and is 

Test-Tube easily broken by undue pressure. 

Cleaner. Glass funnels should have their stems 
cut oflf to within about an inch from the 
shoulder (4), and the sharp outer edge thus produced should 
be at once removed by rubbing it with the face of a triangu- 
lar file. The inside of the shortened neck can then be easily 
cleaned by rubbing it with a strip of wood ; or by inserting 
an ordinary tobacco-pipe cleaner from the shoulder of the 
funnel so as not to cut the hairs. 

Occasionally the cleaning brush fails to remove strongly 
adhering stains. Hot dilute hydrochloric acid will remove 
most such stains ; but it is sometimes necessary to heat a 
little strong sulphuric or nitric acid in a vessel in order to 
cleanse it. Hot solution of caustic potash or of ammonia 
may also often be used with advantage to remove grease. 
In fact, when a substance is being removed from a vessel 
to which it strongly adheres, it is well to consider what 
the substance is, and then remove it by a liquid in which it 
is easily soluble. 

Apparatus should be washed as soon as possible after it 
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has been used, since it is usually more difficult to cleanse 
the surface after the apparatus has stood aside for some time. 

Each article, after it has been carefully washed, and then 
repeatedly rinsed out with tap- water, should be placed upside 
down in the small wicker-basket to drain. If it is required 
for immediate use for analysis, it should be rinsed out with 
aP little distilled water. The removal by these means of 
washing- water is necessary, because tap- water usually con- 
tains dissolved impurities. 

The interior of flasks and bottles is often most conveniently cleansed 
from adherent matter mechanically by shaking water and sand round 
in the interior. Sawdust or shreds of paper may replace the sand. 

15. Draining-Basket. — Before apparatus is placed in the 
locker, it should be made a rule to wash all glass and porce- 
lain which is not in actual use, and then to place it in a wicker 
basket to drain. The basket is then put away with its con- 
tents. Dirty apparatus should never be kept in the basket. 

All iron apparatus should be carefully dried, and must 
be kept in a dry place to prevent it from rusting. Mttal 
apparatus must never he put into the wicker draining-hasket. 

16. Platinum foil and Platinum wire are cleansed by 
boiling them in hydrochloric acid, and then rinsing off the 
acid with water. The wire should then be strongly heated 
for some time in the blowpipe-flame, until, when it is wetted 
with pure strong hydrochloric acid and held in the Bunsen- 
flame, it no longer persistently colours the flame. If the tip 
of the wire cannot be cleansed in this way, it should be cut 
oft*. Commercial platinum sometimes persistently colours 
the flame : wire made from such platinum is useless for flame- 
coloration tests and for spectrum analysis. 

Platinum-foil and wire should be kept in a small beaker 
containing strong hydrochloric acid, which has been diluted 
with sufficient water to prevent it from fuming. When the 
platinum is removed from the acid and has been rinsed 
with water, it will usually be found to be clean ahd to give 
no colour to the flame. 
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Heating Glass and Porcelain. 

17. A few general Precautions should be observed in 
heating glass and porcelain vessels, in order to guard against 
cracking them. The two following rules apply to both glass 
and porcelain : — 

A vessel containing a liquid must never be heated by the 
dame above the level of the liquid inside. 

A hot dry vessel must be allowed to cool before any liquid 
is poured into it, and before it is placed upon a cold 
surface. 

18. Porcelain Vessels withstand higher temperatures than 
glass vessels, and are not so liable to be cracked by being 
suddenly heated or cooled. 

Porcelain Dishes are generally used for the purpose of 
evaporating liquids to dryness, or for concentrating them. 
They are supported on a pipe-clay triangle, which is placed 
upon a tripod-stand or a retort-stand. Porcelain dishes may 
be safely heated by a small naked dame. 

Porcelain Crucibles are used for strongly heating solid 
bodies. Crucibles are supported in the same way as porcelain 
dishes. The flame should not be allowed to play steadily 
upon the bottom of the crucible so as to heat it suddenly, 
but the burner should be constantly moved slightly from side 
to side until the porcelain is hot. The crucible should also 
be allowed to cool slowly on the triangle, since contact with 
a cold body is very apt to crack it. The hot crucible and 
cover are handled by the crucible-tongs. 

19. Glass Vessels require to he Heated more •cautiously 
than porcelain vessels. A large naked flaine must never be 
allowed to play for any length of time on one part of the glass 
surface. When a test-tube or boiling-tube is being heated, 
this local heating is prevented by holding the tube obliquely 
with the lower part in the flame^ and either moving the tube 
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slowly up and down, or constantly turning it round on its 
axis (fig. 19). 

Test-tuhea and Boiling -tubes . — Ordinary test-tubes are too 
narrow to hold safely a large quantity of boiling liquid, since 
the upper portion of the liquid is liable to be projected 
from the tube during ebullition. A small quantity of liquid 
may be boiled, and a larger quantity may be heated short of 
boiling, in a test-tube. But the broader hoiling-tuhes are to 
be preferred when a liquid is to be boiled. 

Test-tubes, or boiling-tubes, which are not full of liquid, 
can be held by the neck while they are being heated. They 
should be supported in an oblique position, so that the fingers 
are not over the flame 
(fig. 19). If steam or 
vapour is emitted in 
quantity, all risk of burn- 
ing the fingers is avoided 
by bending round the 
neck of the tube a strip 
of folded glazed paper, 
or of leather, and pinch- 
ing the ends of the strip 
together close to the 
tube, as is shown in the 
figure. Tljis simple de- 
vice serves better than 
any metal holder. 

It is dangerous to use a strip of unglazed filter-paper, since 
if it becomes wetted it breaks and allows the tube to fall. 

Crucible-tongs must never be used for holding test-tubes. 

Olasa -F/aaA 5 ,such as the wash -bottle, are most safely heated 
by placing them on a piece of wire-gauze on a tripod-stand 
over the Bunsen-flame (l), or they may be heated over the 
Fletcher flame (2r fig. 8). If a large sand-bath, hot plate, or 
water-bath (figs. 43, 45, 88 ) is available, the flask may be 
heated on the hot surface or by the steam. 


Fig. 19. 




SECTION II. 


PREPARATION AND PROPERTIES OF 
GASES— IDENTIFICATION OF GASES. 


General Remarks. — In this Section full directions are given for the 
preparation of some of the more important gases, and for certain 
experiments which may be made with them. The experience thus 
gained enables the preparation of other gases to be carried out from 
a brief description. If a student has already prepared any of the 
gases the preparation need not be repeated. 

Experiments which are described in small type may be omitted if 
time is limited, but the description should be carefully read through. 

After the various gases have been prepared and the methods of 
detecting them have been tried, some mixtures of the gases should 
be examined with the view of detecting their constituents (73). 

A full list of the apparatus and chemicals which are required for 
this Section will be found in the Seventh Section. The description 
of the fitting and of the use of the apparatus has been already given 
in the preceding paragraphs [1-19]. 

Directions for Working. — The student must carefully read through 
the whole description of each experiment before he begins to perform 
it. Immediately after the experiment has been successfully per- 
formed, a brief description of it should be entered. in the Note- 
Book. Two students may work together through this Section ; in 
the subsequent Sections, however, each student should work inde- 
pendently. 

Caution. — Should any strong acid get upon the skin or the bench, 
it must be at once v/ashed off. If it should be spilt upon the clothes, 
the part must be immediately wetted with ammonia solution ; the 
red stain produced by acid on cloth is removed by ammonia unless 
it has been caused by nitric acid. 



20 .] 


OXYGEN FKOM MERCURIC OXIDE. 


19 


I.— PREPARATION AND PROPERTIES OF GASES. 

Oxygen Gas. 

20. I^eparation of Oxygen from Mercuric oxide. — 

When iron is exposed for some time to moist air, its surface 
becomes covered with rust. Many other metals undergo a 
similar change in moisb air, but the alteration thus produced 
in their appearance is not usually as noticeable as in the case 
of iron. The liquid metal mercury does not rust at ordinary 
temperatures in air ; but the metal becomes slowly covered 
with red mercury rust, when it is strongly heated for some 
time in a flask open to the air. This mercury rust has re- 
ceived the name of mercuric oxide. The fact that metals 
become heavier by rusting proves that something is added 
to them during the process. This is confirmed by the fol- 
lowing experiment. 

Experiment 1. — Place in a small perfectly dry test-tube 
sufl5cient mercuric oxide to cover the bottom. Heat the 
powder in the Bunsen-flame (i), covering the end of the 
tube loosely with the thumb, as is shown in fig. 20. As 
soon as §mall drops of mercury begin to appear upon the 
inside of the tube, remove the thumb, and quickly insert 
into the tube the burning end of a thin slip of wood. The 
flame will be seen to burn more brightly. 

Heat the powder again for some time in the way just 
described, and then introduce the glowing end of the slip 
into the tube immediately after the flame has been blown 
out. The glowing end will burst into flame This behaviour 
with a glowing slip of wood is one of the most remarkable 
properties of oxygen gas, and is frequently used as a teat for 
its presence. It is commonly known as the spark test.*^ 

The small globules of mercury on the inside of the tube 
may be made to unite into larger ones by rubbing the surface 
with a glass rod. 
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Both the globules of mercury, and any red oxide which 
remains, should be preserved. 

The chemical change which has occurred is thus repre- 
sented by a chemical equation : HgO == Hg + 0. 

Since heat can separate mercuric oxide into mercury and 
oxygen, the rusting of mercury evidently consists in the 
metal taking oxygen gas from the air. This accounts for the 
increase of weight which the metal undergoes while it is 


Fig. 20. 
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rusting. If all metal-rusts could be decomposed by heat, 
oxygen might be obtained in the manner just described from 
any one of them. 

The above method of making oxygen is instructive, and it 
is interesting because it was the first means known of pre- 
paring the gas. The method is, however, never used for the 
preparation of large quantities of oxygen, since other sub- 
stances are known which contain a larger proportion of oxy- 
gen, and which give it oft’ when they are heated more easily 
than mercuric oxide does. These substances are also preferred 
on account of their greater cheapness. 
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21. Preparation of Oxygen from Potassium chlorate. — 

Potassium chlorate is usually employed for the preparation 
of small quantities of oxygen. If this salt is heated until no 
more gas is given off, it parts with the whole of its oxygen, 
as is shown by the following equation : KCIO3 = KOI + O3. 

Experiment 2. — Heat a few crystals of potassium chlorate 
in a clean dry test-tube. The white salt decrepitatcsov crackles, 
and fuses or melts. When the liquid salt is further 
heated it appears to boil. The small bubbles which are 
given off consist of oxygen gas. This may be readily proved 
by holding in the mouth of the test-tube a burning or glow- 
ing splinter of wood. 

22. Preparation of Oxygen from Oxygen-Mixture. — 

Oxygen gas is much more readily expelled by heat from 
potassium chlorate than from mercuric oxide. But if the 
chlorate is mixed with a small quantity of some other 
suitable substance, its oxygen is driven off by heat with 
extreme facility. Manganese dioxide, or black oxide of 
manganese, is usually chosen for mixture with the chlorate. 
The manganese oxide does not itself seem to undergo 
any permanent change in the process. 

Experiment 3. — Powder finely in a mortar sufficient 
potassium chlorate to fill a watch-glass. Mix the powder 
in the mortar with about one-fifth as much powdered man- 
ganese dioxide. Heat a small quantity of this mixture in 
a test-tube. A comparatively gentle heat will cause the 
oxygen to be rapidly evolved, and the gas may be readily 
detected by the “ sp\rk-test in the upper part of the tesi- 
tube. 

23. Preparation and Collection of Oxygen. — In the 
preceding experiments the oxygen has been detected in the 
test-tube in which it was prepared, and has been allowed 
to pass away freely into the air. When the ga»s is to be 
collected in a vessel, the air is first removed from the vessel 



22 


PREPARATION AND 


[ 23 , 


by filling it with water, and the gas is then allowed to dis- 
place the water. 

In ordertocollectthe gas, a bent-glass delivery-tube isfitted 
by means of a coik into the mouth of the test-tube (fig. 21). 
The end of this delivery-tube is immersed in water imme- 
diately beneath the mouth of the collecting- vessel, which has 
also been inverted with its neck in the water. When the 
test-tube is heated, the oxygen escapes from the end of the 
delivery-tube and passes as bubbles into the collecting vessel, 
gradually displacing the water from it. 

This process of collecting oxygen is fully described in the 
following experiment. 


Fig. 21. 
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Experiment 4. — Select a sound cork which is somewhat 
too large to fit the mouth of the test-tube to be used. 
Soften it by squeezing it, or by rolling it on the floor with 
gentle pressure from the foot. The cork should now fit 
tightly into the mouth of the test-tube. 

Then bend (5) a piece of glass tubing, about fourteen 
inches in length, into the form shown in fig. 21. The 
bends should be so made, that when the apparatus is fitted 
together the test-tube is at a convenient height for being 
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heated by the flame, while the end of the delivery-tube dips 
about an inch under the water contained in the glass or 
stoneware vessel. 

Now make a hole through the centre of the cork (ll) of 
such a size that the glass tube fits tightly into it. Then push 
the glass tube into the cork and the cork into the test-tube, 
and test whether the apparatus is air-tight by blowing down 
the open end of the delivery-tube. No air must be heard to 
escape, or must be seen to bubble out on moistening the cork. 
If air does escape, a fresh cork must be prepared. 

Now transfer the oxygen-mixture (Exp. 3) into the per- 
fectly dry test-tube, either by pouring it off a piece of paper 
folded into a trough, or by scooping it up from the mortar 
with the mouth of the test-tube. Then fit in the cork with 
the delivery-tube. 

Before the test-tube is heated, fill the jar, in which the 
oxygen is to be collected, with water. Close its mouth with 
a ground-glass plate. Then invert its mouth in water, three 
or four inches in depth, contained in the stoneware or glass 
vessel, and carefully remove the glass plate. If this operation 
has been performed with proper care, the jar will be entirely 
filled with w'ater, and no air- bubble will remain. 

Next proceed to heat the front part only of the oxygen- 
mixture, gradually extending the heating towards the hinder 
portion as the evolution of gas slackens. 

The test-tube may either be held in the hand or may be supported 
by a clamp in an almost horizontal position. The end containing the 
mixture should be somewhat raised, so as to prevent any condensed 
moisture from trickling back upon the heated portion and cracking 
it A small flame only should be used, in order to prevent any part 
of the glass from bejng too suddenly and strongly heated, which 
would be liable to crack or melt it. The flame should also at first 
be slowly moved from side to side for the same reason. 

Oxygen gas will soon be evolved, but it will not at once 
appear at the end of the delivery-tube, since it has first to 
drive out the air which filled the apparatus. As soon as the 
glowing end of a slip of wood is kindled, when it is held at 
the mouth of the delivery-tube, the oxygen has driven out^ 
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the air and is beginning to escape. The end of the delivery- 
tube is then at once dipped under water beneath the mouth 
of the jar, and the stream of bubbles will rapidly rise in the 
jar and displace the water. 

A stoneware beehive-shelf will be found convenient for supporting 
the jar in the bowl, as is shown in the figure, but the jar may instead 
be simply held in the hand. 

As soon as the jar is full of gas, its mouth is closed under 
water with the glass plate, and it is removed for experiment. 
The jar may also be removed by slipping under its mouth a 
small dish or saucer ; the water which is taken out in the 
saucer will then serve to close the mouth of the jar. 

Three jars should be filled with oxygen for the following 
experiments. One vessel may, however, be refilled with the 
gas after the completion of each experiment, if a number of 
jars are not at hand. 

If at any time the gas should be given off too lapidly, the flame 
must be removed until the current of gas slackens. The hinder por- 
tions of the mixture should be heated only aftei the part in front 
refuses to yield anymoie gas. When the process is to be stopped, 
the end of the delivery-tube must be removed iromthe water before 
the gas has ceased to bubble out. The hot test-tube must not be 
allowed to touch cold or wet objects, which would crack the glass. 

24. Combustions in Oxygen, — Oxygen gas is remarkable 
for the energy with which it combines with or burns many 
heated substances. Three examples of this property are 
given in the following experiments. 

Experiment 5. — Select a piece of wood-charcoal about 
the size of a hazel-nut. Place this in a paetal deflagrating- 
spoon. Then adjust the wire handle in the brass cap, so 
that when it is held beside the jar of oxygen with the cap 
on a level with its mouth, the spoon is about an inch from 
the bottom of the jar (fig. 22). 

Now heat the charcoal in the Bunsen-flame or the blow- 
pipe-flame (6) until a part of its surface glows. Then quickly 
place it in the jar of oxygen with the brass plate of the spoon 
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Fig. 22. 


covering the mouth (fig, 22 ). The charcoal will burn much 
more brilliantly and rapidly than it does in air, and will 
convert the oxygen into carbon dioxide 
gas: 0 + 02 = 002. 

When the combustion ceases, pour 
into the jar some clear lime-water from 
a small beaker or test-tube. Then 
quickly close the jar and shake the 
liquid inside it. The clear lime-water 
will become milky. This indicates the 
presence of carbon dioxide gas, as will 
be hereafter explained. 

Experiment 6 . — Remove the char- 
coal from the deflagrating spoon, and 
replace it by a piece of sulphur as large 
as a pea. Heat the spoon in the flame 
until the sulphur melts and begins to 
burn with a pale blue and almost in- 
visible flame. Then place the spoon in 
a fresh jar of oxygen. The sulphur 
will at once burn with a much brighter flame, converting 
the oxygen into sulphur dioxide gas : S + O2 = SO2. The 
presence of this gas in the jar, after the combustion has 
ceased, is proved by its suflbcating smell. 

Pour a little water into the jar and shake it round ; sul- 
phurous acid will at once be formed. This acid may be 
recognised by dropping into the water a piece of blue litmus- 
paper, which is immediately reddened ; also by pouring in a 
few drops of red potassium dichromate solution, the colour of 
which will be changed to green. 



Combustion in 
Oxygen. 


Experiment 7. — Kindle any sulphur, which may remain 
in the deflagrating spoon, by holding the spoon in theBunsen- 
flame. As soon as the spoon is free from sulphur, and is 
again quite cold, place in it a small piece of carefully dried 
phosphorus not larger than half a pea. 

The phosphorus may be out with a knife. It must be touched only 
with the braso tongs or with wet Jitigers, Phosphorus should be* 




26 


TESTS FOR OXYGEN. 


[25, 


handled as little as possible, since it is liable to be kindled by the 
heat of the hand, and it then causes dangerous wounds. This sub- 
stance should always be kept under water, and should only be dried, 
immediately before it is used, by pressing it between filter-paper or 
blotting-paper or with a dry cloth. 

Set fire to the phosphorus by holding the spoon in the 
flame, and notice that it burns brilliantly in the air. Then 
place the spoon in a jar of oxygen. The phosphorus will 
burn much more brilliantly. A white substance, called 
phosphoric oxide, is the product of combustion both in air 
and in oxygen : -f 0 ^ = 

When the phosphorus has ceased to burn, pour a little 
water into the jar and shake it round. The white substance 
will dissolve in the water, yielding solution of phosphoric 
acid : P^O^ + SUfi = 2 H 3 PO 4 . The water may be proved to 
contain the acid by dropping into it a piece of blue litmus- 
paper, which will be immediately reddened. 

25. Tests for Oxygen. — Unless oxygen is largely diluted 
with other gases, it is easily detected by introducing into it 
a slip of wood with a spark at the end ; the spark bursts 
into flame. This test only serves for the detection of oxygen 
in a mixture when its proportion in the mixture is large. 
Nitrogen monoxide gas also kindles a spark into flame, but 
this gas is readily distinguished from oxygen by a greenish 
halo appearing round the flame thus produced. (Exp. 50, 
p. 52.) 

Another test for uncombined oxygen, when it occurs alone 
or in gaseous mixtures, depends upon its power of colouring 
nitric oxide gas reddish-brown (Exp. 27, p. 40). The test 
serves to distinguish oxygen from nitrous oxide gas, which 
gives no colour when it is mixed with nitric oxide, 

A freshly made mixture of solutions of potassium hydrate 
and pyrogallol absorbs oxygen and is coloured brown by it. 

Note. — T he above tests for oxygen are also yielded by ozone, 
but methods of distinction are given in par. 46. 
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Nitrogen Gas. 

26. Preparation of Nitrogen from Air. — Atmospheric air 
consists mainly of a mixture of oxygen with nitrogen. In 
order to remove the oxygen and obtain the nitrogen, phos- 
phorus may be burnt in some air confined over water. The 
phosphoric oxide thus formed is allowed to settle down and 
dissolve in the water. The volume of nitrogen which re- 
mains will be found to amount to four-fifths that of the air 
employed. The gas may be shown to have the property of 
extinguishing a flame. 


Fig. 23. 
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Experiment 8 . — Place a small piece of well -dried phos- 
phorus in a little dr^ porcelain dish and float the dish upon 
some water in a pan. Then place an open bell-jar as a cover 
over the floating dish, immersing the mouth of the bell-jar in 
the water, and allowing it to rest on two strips of sheet-lead 
which have been laid upon the bottom of the pan (fig. 23 ). 

Kindle the phosphorus by touching it with the end of a 
long piece of wire, or of a glass rod which has been heated 
in the flame and then pushed down through the neck of the 
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bell-jar. Immediately insert the cork or stopper, and hold 
down the jar until it stands steadily by itself. 

When the phosphorus has united with all the oxygen of 
the inclosed air, it ceases to burn. Water will then gradu- 
ally rise in the bell- jar, as the heated residual gas contracts 
by cooling. The water will ultimately rise in the bell -jar 
and fill one-fifth of the space which was previously occupied 
by the air. 

Now pour water into the pan, until it stands at the same 
level both inside and outside the bell -jar. Eemove the cork 


Fig. 24. 
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or stopper and introduce a burning taper or strip of wood. 
The flame will be at once extinguished by the nitrogen. 

27. Preparation and Properties of Nitrogen. — It has been recently 
shown that atmospheric nitrogen contains a small proportion of 
argon, and minute proportions of other gases. Pure nitrogen may 
be prepared by heating a solution of sodium nitrate and ammonium 
chloride. The chemical change is as follows : — 

NaNOg -h NH4CI = Ng + NaCl + 2H2O. 

Experiment 9. — Fit a four-ounce flask with a doubly perforated 
cork (11). Pass a thistle-funnel through one hole in the cork, letting 
it reach nearly to the bottom of the flask. Through the other hole 
pass a delivery-tube bent (5) to the shape shown in fig. 24 , and 
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prove the apparatus to be sound by closing the end of the delivery- 
tube and blowing down the thistle-funnel Arrange this apparatus 
for collection of the gas as is shown in fig, 24. 

Introduce about 5 grams of sodium nitrite and 5 grams of 
ammonium chloride into the flask, add 50 c.c. water, and gently 
heat the mixture. When the air has been expelled from the 
apparatus, invert over the beehive cell a glass cylinder, which has 
been previously fllled with water and closed with a glass plate, and 
remove the plate. 

The gas will gradually displace the water. As soon as the jar 
is full of gas, slide a glass plate over its mouth while it is immersed 
in the water and remove the jar. Fill two more jars, and use one 
jar for each of the following tests. 

28. Tests for Nitrogen. — Notice that the gas is colourless, 
and possesses no smell; that it at once extinguishes a 
lighted taper ; and that when lime-water is shaken in the 
jar, the liquid remains clear. 


Hydrogen Gas. 

29. Preparation of Hydrogen froih Hydrochloric acid. 

— Water consists of oxygen combined with another gas called 
hydrogen. Several processes are known for preparing 
hydrogen from water. Hydrogen is, however, also a con- 
stituent of all acids, and it is most readily obtained from 
certain acids by the action of metals upon them. 

Experiment 10. — Fit the necks of a two-necked Woulffe's 
bottle with perforated corks, one of which bears a thistle- 
funnel whose end reaches nearly to the bottom of the bottle, 
and the other a bent tube terminating just below the cork 
(fig. 25). Then attach a bent delivery -tube to this tube by 
means of a short piecfe of tightly -fitting rubber tubing. 

A wide-necked bottle, fitted as is shown in fig. 29 (p. 34), may be 
used instead of the Woulffe’s bottle. 

Put into the bottle sufiicient granulated zinc to cover the 
bottom, and replace the cork. Then ascertain that the 
apparatus is air-tight byclosingtheend of the delivery-tube 
and blowing down the thistle-funnel. Now pour water in 
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through the funnel, until the zinc and the end of the funnel- 
tube are covered ; then add pure strong hydrochloric acid 
gradually (see Caution, p. 18). Hydrogen will be seen 
rising from the zinc in numerous small bubbles : Zn + 2HC1 
-H, + ZnCl,. 

30 . Collection of Hydrogen.— Dip the end of the 
delivery -tube under water contained in a pan, and allow 
the gas to bubble out through the water for at least five 
minutes. This delay in collecting the gas is necessary in 
order to give the hydrogen time to remove the air which 
filled the bottle. 


Fig. 25 



Preparation and Collection of Hydrogen. 


It should be remembered that a mixture *of air with 
hydrogen burns explosively when it is kindled. The freedom 
of the escaping gas from air should therefore be ascertained 
as follows. Invert a test-tube filled with water over the end 
of the delivery -tube. When the test-tube is full of gas close 
its mouth with the thumb, and remove the tube from the 
water. Then hold its open mouth to*R. flame. If the gas 
burns with a slight explosion, the tube must be filled again 
with the gas and the experiment repeated. 

As soon as the gas bums quietly within the test-tube, a 
small glass cylinder may be filled with water, then inverted 
in the pan of water and filled with hydrogen (fig. 25). 

During the further preparation of gas for the following 
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experiments, it will be found occasionally necessary to pour 
in a little strong hydrochloric acid through the funnel- tube, 
in order to render the evolution of hydrogen more rapid. 

31. Hydrogen is lighter than Air. — It is easy to show 
that hydrogen rises in the air in the following way. 

Experiment 11. — Hold a jar of hydrogen for a short time 
with its mouth open and directed upwards. Then introduce 
a lighted taper into the vessel. No hydrogen flame will be 
seen, and no explosion will occur. This proves that the 
hydrogen has entirely escaped from the jar. 

Then fill the cylinder once more with hydrogen, and hold 
it for a short time with its mouth downwards. Now push up 
a lighted taper into the jar. The hydrogen will burn with a 
pale flame. Note, however, that the gas burns in this case 
with a slight report ; this is due to air having mingled to 
some extent with the hydrogen by spontaneous diffusion. 

Since hydrogen has not escaped downwards, while it has 
rapidly escaped upwards, it is proved to be lighter than air. 

32. Collection of Hydrogen by Displacement. — Advan- 
tage is often taken of the lightness of hydrogen to facilitate 
the process of its collection. The gas is allowed to directly 
replace the air from the vessel in which it is to be collected. 
For this purpose a straight delivery-tube from the hydrogen- 
apparatus is passed up to the top of the inverted vessel. 
The hydrogen then collects in the upper part of the vessel, 
and gradually pushes out the heavier air. 

Experiment 12. — In order to fill a jar with hydrogen by 
this process of direct displacement ^ quickly replace the bent 
tube in the cork of the hydrogen generator by a straight tube 
eight or nine inches in length (fig. 26). Then cause a brisk 
efiervescence of gas to take place by pouring some strong 
hydrochloric acid down the funnel-tube, and pass the de- 
livery-tube up to the top of an inverted jar. Allow the jar 
to remain in this position for several minutes. 
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The mouth of the 3 ai may be loosely closed by a piece of perforated 
metal or cardboard, which rests upon a small piece of india-rubber 
tubing pushed on the delivery-tube. This will hinder the spontaneous 
mixture with the air, or diffusion, which occurs when the hydrogen is 
in contact with the air. 

33. Hydrogen is Combustible but Extinguishes Flame. 

—Prove this by means of 
the jar which has just 
been filled by displace- 
ment. 

Experiment 13. — Ee- 
move the jar (fig. 26), 
keeping it inverted, and 
push up inside it aburning 
wax taper, five or six 
inches in length. The 
hydrogen will be kindled, 
and will burn with a pale 
fiame at the mouth of the 
jar, but the flame of the 
taper will be seen to be 
taper may, however, be rekindled by holding its end in the 
hydrogen flame which is burning at the mouth of the jar. 

34. Hydrogen forms Water when it is Burnt *in Air.— 

This is proved by burning the hydrogen as it escapes from 
the apparatus, and then condensing the steam which is 
formed by the combustion as it escapes from the flame. 

Experiment 14. — Cover the generating bottle and funnel- 
tube with a cloth in order to prevent danger in case of an 
explosion, and light the hydrogen at the end of the delivery- 
tube (fig. 26). Then hold over the flame a tumbler or beaker, 
which is perfectly clean, dry, and cool. The inside of the 
glass will become dimmed with moisture. This shows that 
when hydrogen burns in the air, it is uniting with oxygen 
and .producing water : H, + 0 = H,0. 


Fig. 26. 



Collection by Displacement 
extinguished by the gas. The 
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In order to make the above result conclusive the hydrogen should 
be dried before it is burnt, since it will always contain more or less 
vapour of water derived from the liquid in the generator. The gas 
may be dried or desiccated bypassing it through some substance which 
readily absorbs moisture, such as strong sulphuric acid or fragments 
of solid calcium chloride. A straight tube containing fragments of 
calcium chloride (fig. 27 a), ora U-tube filled with pieces of pumice- 
stone moistened with strong sulphuric acid (fig. 27 5), may be con- 
nected with the hydrogen -apparatus for the purpose of drying the gas . 
A more convenient form of U-tube is shown in fig. 28, 


Fig. 27. 


Fig. 28. 



Different Forms of Drying-Tubes. 


35. Explosion of a Mixture of Hydrogen and Oxygen. — A mixture 
of hydrogen with half its volume of oxygen burns with violent 
explosion when it is kindled. 


Experiment 15. —Fill a short thick-glass cylinder with water, 
then invert it in a pan of water. Displace one-third of the water in 
the cylinder with oxygen (23, Exp. 4), and the remainder with 
hydrogen (29, Exp. 10). Let the jar stand with its mouth under 
water for five or six minutes in order to allow the gases to mix. Then 
raise the inverted jar and apply a lighted taper to its mouth The 
mixture of gases will burn rapidly with a loud explosion. 

36. Tests for Hydrogen. — Hydrogen gas is recognised by 
burning with a pale flame when it is kindled in air or in 
oxygen. The flame of the dried gas deposits water on the 
inside of a clean cold glass vessel. No carbon dioxide is 
formed during the combustion of the gas (39). 

When hydrogen is mixed with half its volume of oxygen, 


o 
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or with a corresponding volume of air, and the mixture is 
kindled, it burns explosively with formation of moisture. 

Caebon Dioxide, or Carbonic Anhydride Gas. 

37 . Preparation of Carbon Dioxide from Marble. 

When carbon is burnt in oxygen ( 24 , Exp. 5) carbon 
dioxide gas remains in the jar, mixed with nitrogen. This 
gas is easily obtained, unmixed from nitrogen or other gases, 
by pouring hydrochloric acid upon some pieces of marble : 

CaC 03 + 2HC1 = CO 3 + H,0 + CaCl,. 

Chalk or limestone may be substituted for marble, but it will 
usually froth and give off* gas too rapidly. 

Experiment IG. —Rinse out the hydrogen apparatus(fig. 25, 
p. 30), or fit up a special bottle (fig. 29), 
and place in it some small pieces of 
marble. Push into the rubber joint a 
delivery-tube bent at right angles ( 5 ), 
as is shown in fig. 29. Then pour 
through the funnel-tube sufficient water ' 
to cover the marble and the end of the 
funnel-tube, and add strong commercial 
hydrochloric acid until the gas comes off 
with brisk effervescence. Place the de- 
livery-tube in a dry jar, with its end nearly 
Preparation op touching the bottom, and allow the gas 
Carbon Dioxide, to pass into the jar for several minutes. 

Carbon dioxide is much heavier than 
air, and it will therefore soon fill the Jar by displacement ; 
that is to say, the gas which passes constantly to the lower 
part of the jar will remain there, and will gradually lift out 
the air. 

This gas has the property of extinguishing a flame, and 
it is, therefore, easy to ascertain when the jar is full, by 
holding a lighted taper just inside its mouth : if the flame 
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IS extinguished, the carbon dioxide is shown to have reached 
the top of the jar. 

It is well to prevent diffusion by covering the mouth of 
the jar with a small disc of cardboard, which has had a slit 
or hole cut in it for the delivery-tube. 

Carbon dioxide is largely dissolved by water, hence the 
process of collecting it by direct displacement is preferred to 
collection over water, which would entail some loss of gas. 

38. Carbon dioxide is Heavier than Air. Prove that it 
tends to fall in the air in the following manner. 

Experiment 17. — Allow a jar of carbon dioxide to stand 
uncovered with its mouth upwards fora few minutes. Then 
introduce a burning taper into the jar : the flame will be 
immediately extinguished. This proves that the carbon 
dioxide is still present in the jar. 

Now hold the jar for several minutes with its mouth 
downwards, and test with a lighted taper ; the flame of the 
taper will continue to burn inside the jar, showing that the 
carbon dioxide has been replaced by air. 

These experiments prove that carbon dioxide is heavier 
than air, since it has remained in the vessel which is open 
above and has fallen out of the one which is open below. 

Experiment 18. — As this gas is much heavier than air, it 
can be poured like water from one 
vessel into a second vessel which 
is full of air. 

A jar full of carbon dioxide is 
gradually tilted a little beyond the 
horizontal position, with its mouth 
over that of a small beaker (fig. 

30). xifter the jar\ias been held 
in this position for a short time, 
it may be shown by means of a lighted taper that the gas 
has left the jar and is present in the beaker. 

39. Carbon dioxide turns Lime-water milky. — This is 
the usual test for detecting the presence of the gas. 


Fig. 30. 


I 


Pouring out Carbon 
Dioxide. 
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Experiment 19. — Pour some lime-water from a test-tube 
or small beaker into a jar of carbon dioxide, and shake the 
liquid round in the jar. The lime-water will at once become 
milky. 

The lime, which was dissolved in the water and was there- 
fore invisible, has been converted by the carbon dioxide into 
chalk or calcium carbonate; and this, being an insoluble 
substance, remains mixed as a white powder or precipitate 
with the water : CaH ^,0^ 4- CO^ = CaCO, -I- TLfi . 

40. Carbon dioxide dissolves in Cold Water^ and is 
removed by Boiling the Water, solution of the gas 

probably contains carbonic acid : CO 3 4 - H^O = H^COg. 

The solubility of the gas in water, and its removal from 
solution by boiling the water, may be proved as follows. 

Experiment 20. — Carbon dioxide is made to displace the 
air from a jar which has been previously half filled with 
cold water (fig. 29). The mouth of the jar is then tightly 
closed with the wetted palm of the hand, and the gas and 
water are shaken together vigorously for a short time. The 
mouth of the jar will now firmly adhere to the hand, owing 
to the reduction of the pressure of the gas caused by its 
absorption by the water. 

Experiment 21. — A further proof of the solubility of 
carbon dioxide is afforded by dipping the end of the delivery- 
tube (fig. 29) to the bottom of a small beaker containing 
water, so as to cause the gas to bubble through the liquid. 
After the bubbles have passed through the water for several 
minutes, a few drops of the liquid may be poured into a test- 
tube containing lime-water ; the lime-water will immediately 
become milky. 

If a little blue litmus solution, or a piece of blue litmus- 
paper, is dropped into another part of the carbonic acid solu- 
tion, the litmus will become red, indicating the presence of 
an acid. Preserve this portion of the liquid for Exp. 22, 

The liquid which contains carbonic acid will be found to 
possess a taste resembling that of soda-water. In fact, soda- 
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water is merely water which has been made to dissolve a large 
quantity of carbon dioxide, by shaking up the water with the 
gas underpressure. By testing soda-water with lime- water and 
with litmus, it may be readily shown to contain carbonic acid. 

Experiment 22. — Heat some of the water which contains 
carbonic acid (Exp. 21) in a test-tube until it boils. As soon 
as the heat is applied, bubbles of gas will rise in the water ; 
and after it has been boiled briskly for several minutes, the 
liquid may be proved to be free from carbonic acid by test- 
ing it with lime-water and with litmus. 

The reddened litmus in the carbonic acid solution, which 
was put by from a previous test (Exp, 21), will also become 
blue when the solution is boiled. 

These experiments prove that carbon dioxide may be 
completely expelled from water by boiling the liquid for 
some time. 

41. Calcium carbonate dissolves in Carbonic acid solu- 
tion, and is Precipitated by Boiling the liquid. 

Experiment 23. — Dilute some lime-water in a small 
beaker with about an equal measure of distilled water, and 
allow carbon dioxide gas to bubble through the liquid. 
Milkiness will be produced at first, owing to the formation 
of calcium carbonate. But if the gas is allowed to pass for 
several minutes through the liquid the milkiness will 
gradually disappear, showing that calcium carbonate is 
soluble in carbonic acid. 

When this clear liquid, however, is boiled for a short 
time, it will become milky again, because the chalk can no 
longer remain dissolved after the carbonic acid has been 
removed (Exp. 22). 

When the water is poured out, part of the calcium car- 
bonate will be seen adhering to the inside of the tube ; it 
may be readily removed by rinsing out the tube with a little 
hydrochloric acid. 

The above experiment explains the origin of the coating 
or incrmtation which may be seen inside kettles and steam- 
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boilers, in which hard chalk-water has been boiled for some 
time. Such water contains chalk dissolved by carbonic acid ; 
this acid is removed when the water is boiled, and a great 
part of the chalk is deposited upon the inside of the vessel. 

42. Tests for Oarbon dioxide. — The presence of carbon 
dioxide gas may be detected by its power of extinguishing 
a burning taper, and of turning lime-water milky. The 
latter test distinguishes it from nitrogen and from certain 
other gases which extinguish flame. 

Detection of Carbon dioxide in the Breath, from 
a Flame, and in the Air. — The above tests may be em- 
ployed to prove that carbon dioxide is evolved from the 
lungs during the process of respiration, and also that it is 
produced by an ordinary flame. The gas is, therefore, being 
constantly introduced into the air, and it may always be 
detected in the air by the lime-water test. 

Experiment 24. — Invert a jar filled with water in a pan 
of water, and blow the breath up into the jar through a glass 
tube, one end of which is dipped beneath the mouth of the jar. 

In order to obtain air from the lungs, take a full breath ; 
then expel the greater part of the breath, so as to replace the 
air contained in the windpipe and mouth by air from the 
lungs. Allow the remainder of the breath to bubble up into 
the jar. 

Now close the jar, remove it from the pan, and introduce 
into it a lighted taper: the flame will be immediately 
extinguished. 

Fill another jar in the same way and shake up lime-water 
in it. Also blow the last part of the bi^th through a glass 
tube into lime-water contained in a small beaker. The 
lime-water will become milky in each case. 

Experiment 25. — Light a small piece of candle or wax- 
taper upon a deflagrating-spoon, and place it in a bottle of 
air, the mouth of which is closed by the brass plate of the 
spoon (flg. 31). 
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The flame will burn for a short time and will then be extin- 
guished. If the candle is relighted and replaced in the bottle, 
the flame will be immediately ex- 
tinguished. The extinction of the 
flame is due to the presence of 
carbon dioxide, and to the reduction 
of the amount of free oxygen in 
the air, which result from the com- 
bustion of the candle. 

Now pour some lime-water from 
a small beaker into the bottle and 
shake the liquid round. It will 
become milky. 

A similar experiment may be 
performed by inverting the bottle 
over a small gas-flame, closing the 
mouth of the bottle with a glass 

plate as soon as the flame is ex- Candle in Closed 
^ . . . IBoxtle 

tinguished, and then shaking lime- 

water in the bottle. The lime-water will become milky, 
proving that carbon dioxide is produced by the combustion 
of coal-gas. 

Experiment 26. — Pour some clear lime-water into a watch- 
glass or deck-glass, and allow it to stand for a few minutes 
exposed to the air. A film of calcium carbonate will gradu- 
ally form on the surface of this liquid and render it dull : 
the film will be broken up into white flakes when the water 
is stilled. This proves the presence of carbon dioxide in 
the air. 


Fig. 31. 



Nitric Oxide Gas. 

43 . Preparation of Nitric oxide from Nitric acid. — This gas 
may be prepared by the action of diluted nitric acid on copper i 
8 Cu-h 8 HN 03 = 2N0-f 

Experiment 27. — Cleanse the apparatus which has been already 
used for the preparation of hydrogen ( 29 , Exp. 10), place some copper 
clippings or turnings in it, and pour in water until the end of tfic 
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funnel-tube is covered. Then add stiong commercial nitric acid 
gradually (see Caution, p. 18), until a reddish-brown gas appears 
inside the bottle. Allow this gas to bubble off through water. After 
a short time the colour will almost entirely disappear, and a colour- 
less gas may then be collected over water in the same way as 
hydrogen gas was collected ( 30 ). 

44 . Tests for Nitric oxide. — Nitric oxide is colourless ; but when 
it is mixed with free oxygen, nitric oxide is conxerted into reddish- 
brown nitrogen peroxide 

Expebiment 28. — Invert a jar filled with water in water, and fill 
it with nitric oxide gas. Then either pass oxygen up into it, or 
remove the jar from the water and allow it to stand with its mouth 
open to the air The entrance of the oxygen, or of the air, into the 
nitric oxide will at once produce a reddish-brown colour. 

The origin of the coloured gas which was seen in the preparation- 
bottle in Exp. 27 is now explained. The bottle was at first filled 
with air ; as soon as the first portions of the nitric oxide gas were 
produced, they therefore mingled with the free oxygen of the air 
and formed nitrogen peroxide. 

This coloured gas is produced as long as any free oxygen remains 
in the bottle. The coloured gas is rapidly dissolved by water. 


Ozone Gas. 

45 . Preparation of Ozone ftrom Air.— Oxygen is converted by the 
influence of electricity into a gas known as ozone. When certain 
processes of oxidation are being effected by free oxygen, the oxygen 
is also partially converted into ozone. Ozone has a peculiar smell, and 
possesses other properties which distinguish it from oxygen. Since, 
however, ozone can be made from oxygen and can be reconverted 
into OX} gen without any change of weight occurring, ozone is only 
altered or allotropic oxygen. The preparation of ozone by the spon- 
taneous oxidation of phosphorus in the air is described below. 

The student may save time by reading through Exp. 29 and trying 
the test for ozone by placing phosphorus in a flask (Exps. 30, 31). 

Experiment 29. — Cleanse the apparatus which was used for pre- 
paring nitric oxide ( 44 , Exp. 27), and replace the rubber joint and 
the bent delivery-tube by a test-tube, the bottom of which has been 
drawn out into an open nozzle (fig. 32). The joint may be made 
by a piece of rubber tube or by a perforated cork. 

Now plaoe in this tube a stick of phosphoius, about an inch in 
length, and pour water slowly in through the funnel-tube so as to 
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drive the air from the interior of the bottle over the phosphorus and 
out through the nozzle. 

The escaping air will be found to have the peculiar smell of ozone, 
showing that the oxygen of the air 
has been partly converted into ozone 
by contact with the phosphorus. 

46. Tests for Ozone —Ozone an- 
swers to the tests for oxygen (2.5)^ 
but IS distinguished by its smell and 
by separating iodine from potassium 
iodide. The presence of the iodine 
thus liberated is confirmed by its 
power of turning starch solution 
blue. 


Experiment 30.— Stir a little 
starch-powder with some cold water 
and pour this gradually into some water which is boiling briskly in 
a small porcelain dish • then cool the liquid. Mix a few drops of 
potassium iodide solution with part of this starch-solution in the 
porcelain dish, and moisten a strip of filter-paper with the liquid. 
The paper thus prepared will serve to detect ozone , since the iodine 
which is separated by this gas from the potassium iodide, will strike 
an intense blue colour with the starch. Prove this by letting the 
stieam of ozonised air, prepared as is directed above (Exp. 29) 
impinge upon this test-paper. If the air fails to turn the paper 
blue, repeat the experiment according to the directions given below 
(Exp. 31). 

Experiment 31. — Occasionally it will be found difficult or im- 
possible to obtain the ozone reaction with the apparatus described 
in Exp. 29. The method of experiment should then be modified 
by placing a few pieces of phosphorus at the bottom of a small glass 
flask, and hanging a strip of the moist ozone test-paper (Exp. 30) 
inside the flask. The neck of the flask is then closed by a watch- 
glass, and the test-paper is observed at intervals. In a period, which 
may vary from about five to twenty minutes, the change of colour 
indicative of the production of ozone will take place in the test-paper. 


Hydrogen Sulphide Gas. 

47. Preparation of Hydrogen sulphide.— This gas is often called 
sulphuretted hydrogen. 

Experiment 32.— It may be prepared in the apparatus which 
was used for the preparation of carbon dioxide ( 37 , Exp. 10), and 


Fig. 32. 



Preparation op Ozone. 
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may be collected by downward displacement. Small pieces of 
ferrous sulphide are introduced into the cleansed apparatus, and 
diluted hydrochloric acid is poured upon them through the funnel- 
tube . FeS + 2HC1 = HgS + FeCl^, 

The gas is very poisonous and has a foul smell, it must therefore 
be prepared in the draught-closet. A mixture of this gas with air 
burns explosively when it is kindled. 

The gas should if possible be collected from the general laboratory 
apparatus, .which is placed in a suitable draught-closet 

48 . Tests for Hydrogen sulphide. — Hydrogen sulphide is recog- 
nised by its peculiar and offensive smell, by its power of converting 
a colourless salt of lead into brown lead sulphide, and by forming 
pungent sulphur dioxide when it is burnt. 

Experiment 33 — Moisten a piece of filter-paper with lead acetate 
solution, and expose the paper to the gas • it will become dark brown. 

Burn the gas in a glass cylinder and at once close the cylinder with 
a glass plate. Note the deposition of yellow sulphur on the inside 
of the glass ; this is due to the supply of oxygen being insufficient 
to secure the complete combustion of the gas. Slip aside the glass 
plate for a moment, and pour in quickly some water, which has 
been faintly coloured with potassium dichromate solution. Shake 
this liquid about in the jar. The colour of the liquid will change to 
green, showing that sulphur dioxide is present. This gas is thus 
proved to be a product of the combustion of hydrogen sulphide. 


Ammonia Gas. 

49. Preparation of Ammonia from Ammonium chloride. 

— The pungency of common Smelling-Salts is due to the 
ammonia gas which is constantly escaping from solid Car- 
bonate of ammonia. 

The gas is evolved much more rapidly if either Carbonate 
of ammonia or Sal ammoniac is mixed with slaked-lime, 
and the mixture is then gently heated. 

ExPERf^BNT 34. — Powder a little ammonium chloride or 
Sal ammo^fdac in a mortar, and mix with it about an equal 
quantity oAl finely powdered slaked-lime. Ammonia gas 
will be evolved from this mixture, and may be readily 
detected by ita pungent smell : 

+ 0aH,O, = 2 NH 3 + CaCl^ + 2H^O. 
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50. Preparation of Ammonia from Solution of Ammonia. 

— Ammonia gas is readily expelled from its solution in water 
by means of heat. This forms a convenient method of 
obtaining the gas. 

Experiment 35. — Pour some strong solution of ammonia 
(Liquor Ammoniae Fortisaima) into a small flask (fig. 33), 
until the flask is about one-quarter filled. Close the neck 
of the flask with a tightly-fitting perforated cork, into which 
a straight piece of glass 
tube, eight or nine inches Fig. 33. 

long, has been fitted. Then 
place the flask upon a piece 
of wire-gauze on a tripod- 
stand, and heat it gently by 
a small flame. 

Ammonia gas will at once 
escape from the liquid with 
effervescence, and will issue 
from the end of the tube. 

Since ammonia is much 
lighter than air and is very 
soluble in water, it should 
be collected in a 'perfectly 
dry jar by the direct dis- 

placement of the air. The i.i,kpabatjo.v and Collection 
jar is conveniently sup- or Ammonia. 

ported over the delivery- 

tube by passing it through the ring of a retort-stand, and 
allowing its mouth to rest upon a cardboard disc, which is 
supported on a rin^ of india-rubber tubing slipped upon the 
delivery-tube (fig. 33). 

In order to ascertain when the vessel is filled with the 
gas, it is only necessary to hold at the mouth of the jar 
a piece of red-litmus or yellow turmeric-paper. If the 
ammonia has filled the jar, it will change the colour of 
the litmus to blue and that of the turmeric to reddish- 
brown, 
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51. Combustion of Ammonia. — Ammonia gas does not 
burn continuously in cold air, but it burns readily in strongly 
heated air or in oxygen gas. 

Experiment 36. — Bring a Bunsen gas-flame close to the 
end of the delivery-tube (fig. 33), from which a stream of 
ammonia is issuing. A pale yellowish-green flame of burning 
ammonia will be seen at the end of the tube as long as the 
air around is heated by the flame. 

If the ammonia is kindled, as the end of the delivery-tube 
is pushed up into a jar of oxygen, the ammonia will also 
continue to burn in the oxygen. 

52 . Solubility of Ammonia in Water. — Ammonia is 
extremely soluble in water, and must therefore be collected 
either by displacement or over mercury. For this reason the 
inside of a vessel in which ammonia is to be collected should 
always be perfectly dried, in order to prevent loss of the gas 
from occurring by its absorption by the moisture. The 
solubility of ammonia in water may be proved by the follow- 
ing experiments. 

Experiment 37. — Place a jar filled with ammonia mouth 
downwards in a vessel of water, and gently shake the jar so 
as to agitate the water at its mouth. The liquid will rapidly 
absorb the gas, and will rise in the jar until it fills the space 
which was occupied by the ammonia. A small part of this 
space, however, frequently remains filled with air which 
had become mixed with the ammonia during the process of 
charging the jar. 

Experiment 38. — Pour a little water rapidly from a small 
beaker into a jar of ammonia gas, and at once cover the jar 
with a glass plate or with the hand. Then shake the water 
round in the jar and pour it out. The liquid will be found 
to have acquired the pungent smell, and the action upon 
litmus-paperand turmeric-paper, which characterise ammonia 
gas. 

This liqnid is in fact weak Liquor Ammoniae^ a solution 
which is prepared commercially in large quantities by passing 
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jinimonia gas for some time into cold water. Even at ordi- 
nary temperatures this solution slowly gives off a portion of 
the gas which it contains, and it furnishes ammonia gas 
readily when it is heated (Exp. 35). 


53. Ammonia gives White Fumes with Hydrogen 
chloride gas. — ^These fumes consist of particles of solid 
ammonium chloride. 


Fig. 34. 


Experiment 39. — Pour a little strong hydrochloric acid 
into a glass jar (see Caution, p. 18) ; close the mouth of the 
jar with a glass plate, and shake 
up the acid . Hydrogen chloride gas 
will thus be liberated, and will 
mingle with the air contained in the 
jar. Allow the liquid to run out of 
the jar by slipping aside the glass 
plate for a moment. 

Place this jar in an inverted posi- 
tion over another jar, which contains 
ammonia gas and is also covered 
with a glass plate (fig. 34 a). 

Then withdraw the glass plates, 
so that the mouths of the jars are 
in contact (b) and the hydrogen 
chloride and ammonia gases can 
freely intermingle. Dense, opaque, 
white fumes of solid ammonium 
chloride will immediately be formed : 

NH3-i-HCl = NH,Cl. 

These fumes may also be obtained by dipping a glass rod 
or a strip of filter-paper into some strong hydrochloric acid, 
and then holding it in the ammonia gas as it issues from the 
delivery-tube of the apparatus (fig. 33). The wetted rod or 
paper may also be pushed up into an inverted jar previously 
filled with the gas, or may be held at the mouth of a bottle 
containing strong solution of ammonia. 



Ammonia and Hydro- 
gen CHTiORIDE. 


54. Tests for Ammonia gas. — Ammonia gas may be 
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readily recognised by its pungent smell ; by turning 
moistened red litmus-paper blue; by turning moistened 
turmeric-paper reddish-brown ; and by giving opaque white 
fumes when it is brought into contact with a surface which 
has been moistened with strong hydrochloric acid. 


Carbon Monoxide Gas. 

This gas is produced when carbon dioxide is passed over 
red-hot charcoal ! CO^ -h C = l2CO. It is often fot med in this 
way in open grates, and is therefore seen burning with its 
characteristic blue flame at the upper surface of the glowing 
fuel. The gas is poisonous when it is breathed in any 
quantity. 

Two methods for preparing carbon monoxide are described 
(55, 56). The gas is most easily made by heating sodium 
formate with sulphuric acid (56) ; but the preparation from 
oxalic acid (55) is also described, because it furnishes a good 
illustration of the ordinary method of purifying a gas by 
washing it with a suitable liquid, of by passing it over frag- 
ments of a suitable solid. 

55. Preparation of Carbon monoxide from Oxalic acid, 

— A mixture of carbon monoxide with an equal Ineasure of 
carbon dioxide maybe prepared by heating crystals of oxalic 
acid with strong sulphuric acid : 

+ H,SO, = CO -f CO, + H,S0,.3H,0 

Experiment 40. — Pour upon a few crystals of oxalic acid, 
contained in a boiling-tube, about twice their volume of 
strong sulphuric acid, and heat the mixture (see Caution, p. 
18). In a short time effervescence will commence, showing 
that gas is being evolved. 

Introduce into the mouth of the boiling-tube a glass rod, 
which has been freshly dipped into lime-water ; the drop of 
lime-water hanging upon its end will become milky, proving 
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that carbon dioxide is present in the escaping gas. Hold the 
mouth of the boiling-tube against a Bunsen-flame, a blue 
flame will appear at the mouth of the tube, showing that 
carbon monoxide gas is also being evolved. 

In order to remove the carbon dioxide and to obtain pure 
carbon monoxide, the mixture of gases is either washed with 
solution of caustic soda, or is passed over pieces of solid 
caustic soda or soda-lime. Caustic soda absoibs the carbon 
dioxide readily, but it does not affect carbon monoxide and 
allows it to pass on : 

CO + CO„ + 2NaHO = CO + mfiO, + H,0. 


Fia. 35. 



Preparation and Collection op Carbon Monoxide. 

Experiment 41. — Heat a mixture of oxalic acid crystals 
and strong sulphuric acid in a flask fitted as is shown in 
fig- 35. Eemove the flame as soon as effervescence com- 
mences, else the acid will froth over ; then heat gently. 

Allow the gases which are evolved to pass through a wash- 
bottle containing caustic soda solution, or through a suitable 
tube filled with fragments of soda-lime or with fragments of 
pumice-stone moistened with strong caustic soda solution. 
The bulbed tube (a) or the U-tube (6), shown in figs. 27, 28 
(p. 33), are commonly employed as receptacles for the solid 
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reagents. If the carbon dioxide is to be completely removed, 
the gases must be passed through two or more such tubes or 
bottles, and the stream of gas must be slow. 

The carbon monoxide gas may be collected over water. 
It will produce no milkiness when it is shaken with lime- 
water, unless the stream of gas has been so rapid that the 
caustic soda has not been able to absorb the carbon dioxide 
completely. 

56. Preparation of Carbon monoxide from Sodium for- 
mate. — When sodium formate is heated with strong sul- 
phuric acid, carbon monoxide alone is given off : 

NaHCO, + H,SO, = CO -f NaHS0,.H,0. 

Carbon monoxide is thus readily obtained free from carbon 
dioxide. The preparation may be carried out in the appa- 
ratus shown in fig. 35, but the washing bottle may be dis- 
pensed with. 

57. Carbon monoxide Burns in Air, forming Carbon 
dioxide. — Carbon monoxide resembles hydrogen by being 
inflammable and by extinguishing flame. It also burns 
explosively, when it is mixed with a suitable proportion of 
oxygen or of air and is then kindled. Hence, before this 
gas is collected in any quantity, it should be proved to be 
free from air by filling a small test-tube and seeing that the 
gas burns quietly when it is kindled. 

Experiment 42. — Push a burning taper up into an in- 
verted jar filled with carbon monoxide. The gas will burn 
with a blue flame at the mouth of the jar, but the flame of 
the taper will be extinguished. 

As soon as the gas has ceased to bur^ inside the cylinder 
pour in a little lime-water and shake it about. The liquid 
will become milky, showing that the combustion of carbon 
monoxide in the oxygen of the air has produced carbon 
dioxide gas : CO + 0 = CO^. 

58 . Test for Carbon monoxide.— Carbon monoxide is 
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recognised by burning with a pale blue flame in the air, pro- 
ducing carbon dioxide, which renders lime-water milky. 

Chlorine Gas. 

59. Preparation of Chlorine from Hydrochloric acid. — This gas may 
be made in the apparatus which has been employed for the prepara- 
tion of carbon monoxide (fig. 

35, p. 47). The washing-bottle 
may either be dispensed with, 
or it may be partly filled 
with water in order to free 
the chlorine from hydrogen 
chloride gas : and the de- 
livery-tube should not be 
cuived round at the end, as 
it is not to be passed under 
water (fig. 36). 

Experiment 43. — Place 
some small pieces of manga- 
nese dioxide in the cleansed 
flask (fig. 36). Pour in strong 
hydrochloric acid which has 
been mixed with about one- 
third its measure of water, peeparation and Collection op 
and heat the mixture gently CHLORINE, 

in a draught closet. A green- 
ish-yellow gag will be evolved. Collect the gas by displacement 
(Exp. 16, 37 ), since it is much heavier than air • 

MnO , + 4 HCl = CI .3 + MnClg + 2H,0. 

This gas has a very destructive action on the lungs, and must on 
no account be inhaled in any quantity. 

60. Tests for Ohlorine. — Chlorine is usually recognised by its 
yellowish-greenish colour, by its peculiar smell, and by its property 
of bleaching moist vegetable colours. 

Experiment 44 —-The bleaching- power of chlorine is shown by 
placing a piece of moistened litmus-paper, or of Turltey-red fabric 
dyed with madder, in a jar of the gas. The colour will be destroyed. 

When a burning candle is plunged into a jar of chlorine, it con- 
tinues to burn with a very smoky flame. A strip of filter-paper wetted 
with hot turpentine catches fire spontaneously in chlorine, and 
gives rise to dense smoke. The hydrogen only of these combustible 

4 


Fig. 36 
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substances combines with the chlorine forming hydrogen chloride, 
and the carbon separates in the free state giving lise to the smoke. 

A piece of dutch-foil or of copper-leaf al«o burns spontaneously 
when it is dropped into chlorine, the metal being converted into 
its chloride with production of heat. 

If chlorine is allowed to bubble through a little w’ater, the water 
will acquire the colour, the smell, and the bleaching-power of the 
gas. This shows that chlorine is soluble in water, and explains 
why the gas cannot be collected over water without loss. 

When chlorine is brought into contact with hydrogen sulphide 
(fig. 34, p. 45), hydrogen chloride is formed and sulphur is deposited 
on the inside of the vessel. 


Hydeogen Chloeide, oe Hydeochloeic Acid Gas. 

6 1. Preparation of Hydrogen chloride — When sodium chloride 
and sulphuric acid are heated together in a glass vessel, they furnish 
hydrogen chloride and sodium hydrogen sulphate : 

NaOl + H 2 SO 4 = HCl + NaHS 04 . 

Kxpeeiment 45. — Cleanse the flask which was used for the pre- 
paration of chlorine (fig. 36, 59 ), and place in it several lumps of 
rock salt (sodium chloride). Pour in some strong sulphuric acid 
which has been diluted with an equal volume of water, and heat 
gently. Hydrochloric acid gas will be evolved. Its escape will be 
rendered evident by the fumes which it produces in ordinary moist 
air and by its pungent smell, also by its power of turning blue lit- 
mus-paper red. This gas is heavier than air and 8 hou\d be collected 
by displacement (fig. 36), since it dissolves largely in water. 

62 . Tests for Hydrogen chloride.— This gas may be recognised 
by its pungent smell, by fuming in the air, by turning blue litmus 
led, and by giving opaque white fumes with ammonia gas or with 
strong ammonia solution ( 53 ). A still more characteristic test 
depends upon its power of rendering silver nitrate solution turbid 
by the formation of insoluble silver chloric^. 

Expbbimbnt 46. — Introduce some silver nitrate solution, which 
has been acidified with nitric acid, into the gas : the liquid will 
at once become turbid. The experiment may be tried by pouring 
some of the silver solution into a jar containing the gas ; by allowing 
the gas to pass into the solution ; or by dipping a glass rod into the 
siher solution, and then introducing the rod, with a drop hanging 
upon its end, into a jar of the gas. 



63, 64, 65.] SULPHUR DIOXIDE, NITROOEN MONOXIDE. 51 


Sulphur Dioxide, or Sulphurous Oxide Gas. 

63. Preparation of Sulphur dioxide from Sulphuric acid.— This 
gas has already been made by burning sulphur in oxygen (24, Exp. 6). 
It may also be prepared from strong sulphuric acid by heating this 
acid with copper. 

Experiment 47. — Cleanse the preparation flask (flg. 36, p. 49), and 
place some copper turnings in it. Then pour in strong commercial 
sulphuric acid and heat the mixture. Sulphurous oxide will be 
evolved when the acid has been heated nearly to boiling : 

Cu + 2HaS04 = SO2 -f CUSO4 + 2H2O. 

The gas may be cooled and washed by passing it through a little 
water. It is then collected by displacement, since it is much 
heavier than air and is extremely soluble in water. 

64. Tests for Sulphur dioxide. —This gas possesses an extremely 
pungent smell, and is identified by the following tests, of which the 
first is the most characteristic. 

Experiment 48. — Pour into a jar of the gas some dilute solution 
of potassium dichromate and shake it round ; also hang paper 
moistened with the dichromate solution in the iar : the reddish 


Page 51, par. 65 ? should read as follows : 

65. Preparation of Nitrogen monoxide.— When solid ammonium 
nitrate is heated, it melts; and when it is further heated, it decom- 
poses into steam and nitrogen monoxide: NH4N08=N20 + 2H20. 
Care must be taken to regulate the beat as soon as the effervescence 
of the melted salt commences, else the nitrogen monoxide gas and 
steam may be evolved with dangerous rapidity. 

Experiment 49.-iCleanse the flask (fig. 36, 59), and close it with 
a singly perforated cork bearing a delivery-tube which has been 
bent twice at right angles. Replace the washing-bottle by a flask 
which is closed by a doubly perforated cork, bearing tubes which 
pass just through the cork ; and weight the flask by pouring shot 
into it, so that it may be sunk into a pan of cold water and serve 
to condense the steam which escapes with the gas, and to cool the 
gas. Now heat the nitrate in the flask ; and collect the nitrogen 
monoxide, which is much heavier than air, by displacement. 
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66. Tests lor Nitrous oxide. — This gas has a sweet taste ; it is 
detected by the “ spark-test,” and by not colouring nitric oxide. 

Expekiment 50. —Show that nitrous oxide kindles a spark on a 
splinter of wood into flame, but that it differs from oxygen by 
producing a greenish halo around the flame. Show further that 
nitrous oxide gives no red colour with nitric oxide, as oxygen does 
(25, 44) for this experiment the gas should be collected over water, 
since it may contain air if it has been collected by displacement. 


Ethene, or Ethylene Gar. 

67. Preparation of Ethene firom Alcohol. — Ethene may be pre- 
pared by heating alcohol with strong sulphuric acid : 

CJlfi + H,S04 = aH4 + H2SO4 H2O. 

Experiment 51.— The apparatus shown in fig. 35 (55) may be 
used. The flask should, however, be round and not conical in shape, 
and must not be less than fourteen ounces in capacity, since the 
preparation- mixture froths considerably. 

A mixture of one volume of alcohol, of 0*83 specific gravity, with 
five volumes of strong sulphuric acid, is made by shaking the liquids 
together in the generating-flask. This mixture must not be more 
than half an inch in depth in the flask. A solution of sodium hydrate 
is placed in the two-necked washing-bottle, and serves to absorb 
the sulphur dioxide which escapes during the preparation. 

The mixture in the generating- flask is heated carefully with con- 
stant watching, since it is apt to froth. 

Ethene when mixed with air may burn explosively, ^nd care must 
therefore be taken to expel the air from the preparation vessels com- 
pletely before any quantity of the gas is collected and burnt. Two 
cylinders should be filled with the gas by collecting it over water, 
and another dry jar should be filled by direct displacement of the air. 

68. Testa for Ethene. — Ethene may be recognised by the character 
and products of its flame, and by its combination with bromine. 

Experiment 52. — Burn the ethene in ong} of the wet jars and note 
its very luminous flame. Then burn the gas contained in the dry 
jar and close the jar with a glass plate as soon as the combustion is 
ended: note that the inside of the jar has become dimmed with 
moisture : now shake up the products of combustion with lime-water, 
the lime-water will become milky proving that carbon dioxide is 
also a product of the combustion of ethene 

Open the second wet jar containing ethene for a moment, pour 
into it a little bromine-water and shake the liquid with the gas, 
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The colour of the bromine will disappear and a colourless fragrant 
liquid, ethene dibromide, will be formed 

This power of decolourising bromine is a characteristic property 
of ethene and of certain allied gases. 


Methane Gas, or Marsh Gas. 

69. Preparation of Methane from Sodium acetate. — This gas 
may be prepared by heating an intimate mixture 01 dried sodium 
acetate with soda-lime ; 

Na02H302 + NaOH = CH4 + NaaCOg. 

Experiment 53. — Heat some crystallised sodium acetate in a 
shallow iron sand-bath over the Bunsen-flame, until steam is no longer 
given off. The salt will set into a white mass as it cools. Mix one 
part of this dry salt with four parts of dry soda-lime, then reduce the 
mixture to fine powder, and heat the powder to redness in an ap- 
paratus such as that shown in fig. 21 (p. 22). It is necessary to 
substitute a hard-glass tube for the test-tube, since an ordinary 
test-tube would be softened by the heat which must be applied for 
the above decomposition. As soon as the air has been expelled 
from the apparatus, fill two cylinders with methane over water in 
the usual way, and fill another dry cylinder by direct displacement 
of the air by the light gas. 

70 Tests for Methane — Repeat with this gas the tests which have 
been described under ethene (68, Exp. 52). The flame of methane 
will be found to be less luminous than that of ethene but it will 
yield the same products. Bromine water will not lose its colour 
when it is shaken with the gas, showing that bromine does not 
combine with methane. 


Acetylene. 

71. Preparation of Acetylene from Calcium carbide — When 
calcium carbide is dropped into water, acetylene gas is rapidly 
given off : 

CaC2 + H20 = C2H2 + Ca0. 

Experiment 54. — Fill a small cylinder or a boiling tube with 
water ; close the mouth and invert it, mouth downwards, in a vessel 
of water, so as to retain the water in the cylinder. Drop into the 
vessel a piece of calcium carbide about the size of a hazel-nut, and 
collect the gas by shifting the tube until its mouth is over the 
piece of calcium carbide. 
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When the tube is full of gas remove it from the water and ignite 
the gas. It will burn with a luminous and very smoky flame. 

Experiment 55. — This gas may be prepared in larger quantities 
by an apparatus similar to that shown in fig. 24 (p. 28). The calcium 
carbide is placed in the dry flask fitted with a dropping funnel 
containing water and a delivery-tube for gas. When the water is 
allowed to drop slowly on the carbide, a rapid evolution of acetylene 
takes place. The gas may be collected over water in the usual way. 

72 . Properties and Tests. — Notice that acetylene as thus pre- 
pared is a colourless gas, and possesses an offensive smell which 
is due to the presence of impurities Prove that it burns with a 
very luminous and smoky flame. Also that it forms a white pre- 
cipitate when it is brought into contact with ammoniacal solution of 
silver nitrate and a red precipitate of cuprous acetylide with 
ammoniacal cuprous chloride The formation of the copper pre- 
cipitate is a delicate test for acetylene. 


II.— DETECTION OF GASES. 

73 . Certain Properties of the Gases, which have been already 
described, enable these gases to be detected when they occur alone 
and frequently when they are in a state of mixture. These pro- 
perties, which serve as tests for the presence of each gas, are stated 
below, and are given in greater detail under the preceding descrip- ^ 
tions of the individual gases. 

The student may proceed to apply these tests to the detection of 
gases occurring singly and in a state of mixture. 

When a mixture of gases is being examined, it should be remem- 
bered that those which act chemically upon one another cannot be 
simultaneously present. Such mutually exclusive pairs of gases 
are — O and NO ; HCl and NH 3 , SO^ and H.^S ; Cl and HoS , NH^ 
and SO 2 ; H and Cl in daylight. 

In testing for the constituents of a mixture, a brief exposure of a 
part of the mixture to air would detect NO; shaking another por- 
tion with water, followed by examination of separate portions of 
this solution, would detect HCl, NH,, SOg, HgS, Cl, CO^; applica- 
tion of a flame to another portion of the mixture would detect 0 , 
H, N, HgS, CO, CH4, C2H4 and CgHg Special confirmatory tests 
should be applied, when possible, to support the conclusions drawn 
from the above general tests. 

Some gases are difficult to detect when certain other gases are 
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mingled with them in large proportion. Advantage may frequently 
be taken of their solubility in water or in solution of caustic alkali 
to remove these interfering gases and to facilitate the detection of 
insoluble gases. 

Oxygen : kindles a glowing splinter into liame, and gives reddish- 
brown gas with nicric oxide (25) , it is not soluble in water. 

Nitrogen : is incombustible, extinguishes a flame (28), and gives 
negative results with all the tests which are mentioned for 
other gases. 

Hydrogen: burns with a non-luminous flame, which deposits moisture 
and forms no carbon dioxide (36) , it is not soluble in water. 

Nitrogen monoxide : is colourless ; is unchanged by contact with 
air ; has a sweetish taste ; does not colour nitric oxide ; kindles 
a glowing splinter into flame, producing a pale yellowish green 
halo around the flame. 

Nitric oxide : is colourless, but becomes reddish-brown when it is 
mixed with air or with oxygen (44). 

Carbon dioxide : extinguishes flame ; is incombustible ; makes 
lime-water milky ; dissolves slightly in water, and the solution 
renders lime-water milky (42). 

Hydrogen sulphide : possesses a foul smell ; burns with a blue flame, 
yielding water and sulphur dioxide ; dissolves in water ; the 
aqueous solution blackens a drop of lead acetate solution (48). 

Ammonia : possesses a pungent smell ; gives dense white fumes with 
hydrogen chloride gas (53) ; dissolves in water ; the aqueous 
solution turns red litmus blue and turmeric brown. 

Carbon monoxide : burns with a blue flame, forming no water ; after 
the combustion carbon dioxide is found by shaking the product 
with lime-water (57); is not soluble in water. 

Chlorine : possesses a peculiar smell, and causes coughing ; a taper 
burns in the gas with a red and smoky flame ; dissolves slightly 
in water ; the aqueous solution bleaches litmus (60) ; both the 
gas and its solution turn paper, soaked in solution of starch 
and potassium iodide, blue. 

Hydrogen chloride : fumes in the air ; gives dense white fumes witn 
ammonia gas ; dissolves m water ; the aqueous solution reddens 
blue litmus, and gives a white curdy precipitate when it is 
mixed with silver nitrate solution (62). 
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Sulphur dioxide : possesses a pungent smell , dissolves in water , the 
aqueous solution turns blue litmus red, and changes the red 
colour of a drop of potassium dichromate solution to green (64). 

Methane : is free from smell, burns with a slightly luminous flame, 
producing water and carbon dioxide ; does not decolourise 
bromine water (70) • is not soluble in water. 

Ethene : has very faint smell ; burns with a very luminous and some- 
what smoky flame, producing water and carbon dioxide ; de- 
colourises bromine water (68) ; is slightly soluble in water: 

Acetylene: has an oifensi\e smell as ordinarily prepared; burns 
with very luminous and smoky flame, producing water and 
carbon dioxide ; produces with ammoniacal cuprous chloride 
solution a red precipitate (72). 



SECTION III. 


ANALYTICAL OPERATIONS. 


Introductory Remarks. — Before the student tries the analytical 
reactions, he should become familiar with the operations which are 
commonly employed in chemical analysis. The processes will be 
easily understood by reading through the following descriptions, and 
then performing the illustiative experiments. 

Caution. — In all analytical work the loatov used must be distdUd 
water (8i, 82, 83), and this only should be kept in the wash-bottle. 


Distillation, Distilled Water. 

81. The Process of Distillation is often used to purify 
a liquid from solid substances which it contains in solution 
(84). The process consists in boiling the liquid and cooling 
or condensing the vapour. The solid substances are left 
behind in the vessel in which the liquid is boiled, and the 
condensed vapour forms the liquid distillate. 

The purification of spring water from the salts dissolved 
in it is an ’example of this process. 

82. Tests for Salts dissolved in Tap-water.— Certain 
salts which are ordinarily present in spring water may be 
tested for as is directed below. But it must be understood 
that all the results which are described may not be obtained, 
since the soft water supplies of some of our large towns are 
almost free from di.Jsolved solids. Bain water or soft water 
which gives no results with these tests may be employed in 
qualitative analysis without previous distillation. A sample 
of water which contains saline impurities must be obtained 
for the following tests. 

Experiment 51). — Make each of the following tests on a 
separate portion of the water contained in a test-tube. 
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Add to some of the water several drops of dilute nitric 
acid and of silver nitrate solution, and notice whether the 
water becomes turbid. Turbidity shows the presence of 
chloride in the water. 

A separate portion of water in another test-tube may 
be found to become turbid on the addition of some solution 
of ammonia and of ammonium oxalate. Dissolved calcium 
salts produce this turbidity. 

The presence of sulphate would be indicated by a tur- 
bidity being caused by the addition to another portion of 
the water of a few drops of hydrochloric acid and of barium 
chloride solution. 

Ascertain also whether precipitation of soap is caused by 
the water, owing to the presence in it of certain dissolved 
solids. For this purpose dissolve a small shaving of soap by 
wanning it in a little distilled water. Add a drop of this 
soap-solution to some of the water, which half fills a test- 
tube. Close the mouth of the test-tube with the thumb, and 
shake the water well. If hardening are present no lather 
will form, but the water will be rendered more or less turbid 
by the separation of soap. By the gradual addition of more 
soap -solution, the initial turbidity may be increased, and a 
lather may be produced when the water is shaken. 

83. Tests for the Purity of Distilled water. — Distilled 
water is made in large quantities for use in various chemical 
processes. It must be substituted for ordinary water in 
the process of analysis, if the water-supply contains dis- 
solved solids. The student may use a glass retort and cooled 
flask (fig. 37) to produce a little distilled water for the fol- 
lowing tests, or he may use some of th^ distilled water sup- 
plied to the laboratory. An apparatus for preparing 
distilled water in large quantity is described in Section YII. 

Experiment 61. — Distilled water when examined by the 
tests described in paragraph 82 should remain perfectly clear. 
Solution of ammonium oxalate, of silver nitrate, of barium 
chloride, or of ammonium sulphide when separately added 
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84 .] 

to a fresh portion of the water should produce no precipi- 
tate. These tests prove the absence of calcium salts, of 
chloride, of sulphate, and of lead and iron salts respectively. 

Fig. 37 . 



Distillation of Water. 


any or all of which have been removed by distillation. 
Prove also that distilled water at once gives a lather with 
soap-solution, and leaves no residue when it is evaporated 
to dryness (87). 


Solution. 

84* The Process of Solution. — Many solid substances 
gradually dissolve in water, when they are stirred or shaken 
with that* liquid. Salt and alum may be mentioned as 
examples. Certain other liquids may be employed instead of 
water ; and if they cause solid substances which are immersed 
in them to become partially or entirely liquid, and to mingle 
uniformly with the liquid, they are said to dissolve the solids. 

The liquid thus obtained is called a solution of the solid, 
and the liquid which dissolves the solid is termed the solvent. 

Further, a solid ^hich dissolves in a liquid is said to be 
soluble in that liquid ; if it does not dissolve, it is said to be 
insoluble. 

Thus when water is shaken with sodium chloride or com- 
mon salt it dissolves the salt, yielding solution of sodium 
chloride ; water is therefore called a solvent for sodium 
chloride, and this salt is said to be soluble in water. 




60 


SlMfM {SOLUTION. 


[85, 


The process of solution proceeds most rapidly when the 
solid substance is finely powdered before it is stirred in the 
liquid, since the largest possible surface of the substance 
is thus brought into contact with the solvent. 

The process is also much hastened hy heating the solvent^ 
partly because heat causes a rapid circulation of the liquid 
over the solid, and also because a solid substance is usually 
much more soluble in the hot liquid than in the cold one. 

Two kinds of solution may be distinguished, namely simple 
solution and chemical solution. 

85 . Simple Solution occurs when a substance is dissolved 
by a liquid without undergoing alteration in its composition. 
A simple solution generally possesses the taste, colour, and 
other general properties of the solid which it contains. It 
also yields the solid substance again when the solvent is 
removed by evaporation. The solution of potassium nitrate 
or of copper sulphate in water is an example of a simple 
solution. 

Expekiment 63. — Place a piece of potassium nitrate in a 
small clean beaker. Partly fill the beaker with water, and 
stir the solid about with a glass rod. The potassium nitrate * 
will slowly dissolve in the water, and the solid will diminish 
in amount. 

Now heat the liquid by placing the beaker on wire- gauze 
over a small fiame ; the solution will proceed much more 
rapidly. 

Powder another piece of potassium nitrate by crushing it 
in a mortar, and then rubbing it round with the pestle. 
Place this powder in a beaker, pour in water, and heat the 
bottom of the beaker on wire-gauze by small Bunsen-flame 
(fig. 38 a). The potassium nitrate will dissolve much more 
rapidly than before, showing that the process of solution is 
accelerated by powdering the solid and by employing heat. 
Mix these solutions, and preserve the liquid for future use. 

The forms of apparatus which are used for dissolving substances 
in larger quantities are ^represented in figs. 38 A, B. Two devices for 
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preventing the loss of the boiling liquid by spirting, and for checking 
loss by evaporation, are seen in these figures. The beaker is covered 
with a clock-glass, and the neck of the flask is partly covered by 
inserting a funnel. These precautions against loss are not usually 
necessary. 

Experiment 04. — Powder a little copper sulphate in a 
mortar, and transfer it to a small porcelain dish. Half fill 
the dish with water, support it upon a pipe-clay triangle 
placed on a tripod or retort-stand, and heat it with a small 
flame. The hint copper sulphate will dissolve, yielding a 
blue solution. Keep this solution for future use. 

A Fig. 38. B 


Apparatus for Solution of a Solid. 

These experiments (63, 64) are examples of simple solution. 
The first shows that a colourless solid gives a colourless solu- 
tion, and the second that a coloured solid gives a coloured 
solution. This is generally true, and hence the presence of 
a coloured substance in a solution may be inferred if the 
liquid itself is coloured. 

Moreover if a drop of the potassium nitrate solution is 
tasted, it will be found to possess the same taste as the solid. 

When a simple solution is being analysed its colour is 
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usually noted, and its taste is occasionally tried with proper 
precautions. 

86. Chemical Solution diifers from simple solution by 
producing a chemical change in the substance which is 
undergoing solution. The solution therefore contains a sub- 
stance which differs in composition from the undissolved 
solid. Accordingly when the solvent is removed by evapo- 
ration the original substance is not obtained. 

Experiment 65 . — Place in a test-tube a small piece of 
marble or of calcium carbonate, pour upon it a little water 
and heat the tube. The calcium carbonate will be found to 
be insoluble in water. 

Now add to the water some hydrochloric acid: effer- 
vescence^ or escape of numerous small bubbles of gas, will 
occur. The piece of calcium carbonate will meanwhile 

slowly diminish in size and 
will at last entirely disappear 
in the liquid, if sufficient acid 
is added. 

Experiment 66. — Place in 
a test-tube a small piece of < 
copper, and warm it with a 
little water : the copper will 
remain undissolved. Now 
add to the water some nitric 
acid and heat : the copper 
will slowly dissolve, yielding 
a reddish-brown gas. The 
metal may be entirely dis- 
solved, sufficient nitric acid 
is employed. 

Solution of a Solid. These are two examplea 

of chemical solution. The 
calcium carbonate is changed by the hydrochloric acid into 
calcium chloride, and this substance, not the calcium ear- 
honatCf remains in solution. The copper is changed into 
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copper nitrate, which is then dissolved by the water. These 
solutions would therefore furnish on evaporation calcium 
chloride and copper nitrate respectively, and not marble 
or metallic copper. 

It will be noticed that in each of these cases a ga^ is 
given off. This is a very usual, but not a universal eftect 
of the process of chemical solution. The distinguishing 
fact is that the solid substance has undergone a change in 
composition in the act of passing into solution. 

Usual methods of effecting chemical solution are shown in 
figs. 88 and 39. 

It is sometimes necessary to dissolve a substance without exposing 
it to contact with the air during the process. This may be effected by 
passing a stream of carbon dioxide through the vessel in which the 
solution is proceeding ; or the air may be displaced from the flask by 


Fig. 40. Fig. 41. 



Solution of J^olid out of Contact with Aib. 


carbon dioxide, and then a perforated cork may be at once fltted into 
the neck of the flask. The perforation carries either a bent tube with 
its end just immersed in a small quantity of distilled water (fig. 40), 
or a short tube surmounted by a piece of rubber tube, which is closed 
with a solid glass stopper : the rubber tube has a slit cut in it by a 
sharp knife (fig. 41), and this slit gives egress to any gases from 
within, but excludes the entrance of air from without. 
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Evaporation and Crystallisation. 

87 . The Process of Evaporation. — When it is necessary 
to separate a solid substance from the liquid in which it is 
dissolved, the liquid is boiled away as vapour or evaporated. 
The solid substance is then left behind in the vessel. The 
liquid is usually evaporated by heating the solution in an 

open porcelain evaporating dish 
over the Bunsen-flame. 

Experiment 67. — Pour the 
potassium nitrate solution (Exp. 
68 ) into a porcelain evaporat- 
ing basin, and heat it over the 
Bunsen-flame until the water 
has been nearly boiled away. 
Then make the flame smaller, 
and continue heating until the 
water has disappeared. Solid 
potassium nitrate will be left 
in the dish. 

Towards the end of the pro- 
cess of evaporating a solution, 
a small flame should always be used : and in order to pre- 
vent the substance from spirting out of the dish, jbhe flame is 
moved about, or the dish may be covered with a funnel 
(fig. 42) or with a round filter -paper. 

The process of evaporation over a naked flame is shown in fig. 42, 
and the covering of the liquid during the latter stage of the process is 
indicated. Fig. 43 illustrates another method of evaporating on a 
heated iron plate, the liquid being contained in a beaker instead of in 
a dish : the nearer the beaker is placed to the part of the plate which 
is over the flame, the linore rapid will be the* evaporation. 

88. Evaporation at Steam-heat. — It is often necessary to 
evaporate more slowly at steam-heat, in order to prevent the 
Spirting of the liquid or the over -heating of the solid. For 
this purpose the dish is placed over boiling water upon a 
water*bath, steam being in this case the beating agent. 


Fig. 42. 



Evaporation in Dish, 
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A simple form of water-bath is shown in fig. 44. It con- 
sists of a copper vessel which is rather more than half -filled 

. Fig. 43. 



Evapobation in Beakers. 


with water, and is heated by a Bunsen-burner. The upper 
portion is fitted with flat sheet-copper rings of gradually 


diminishing diameters, and 
the top of the bath can 
thus be made to support 
vessels of various sizes. 

A more complex form of 
water-bath is shown in fig. 
45. In the upper surface 
of this bath there are holes 
of various sizes, designed 
to fit vessels of different 
dimensions. When these 
holes are not in use, they 
are covered by lids as is 
shown in the figure. This 


Fig. 44. 



Single Water-Bath. 


water-bath may be fitted with a constant water supply by 
the automatic arrangement represented in fig. 58 ( 98 ). 


5 
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A simple water-bath may be improvised from a beaker 
partially filled with water and heated by a Bunsen-flame 


Fig. 46. 




Multiple Water-Bath. 

(fig. 46). A few small pieces of paper may be thrown into 
the water in order to prevent it from bumping during the 

boiling. 

When the evaporating dish 
is placed on the top of the 
beaker, it may possibly prevent 
the escape of the steam. If this 
should be the case, some strips 
of paper may be inserted be- 
tween the bottom of the dish 
and the edge of the beaker, 

89 > Concentration and Crys- 
tallisation.— Sometimes only a 
part of the liquid is evaporated 
for the purpose of conceritmt- 
ing the solution. When a hot 
Simple Water- sufficiently 

concentrated, it will frequently 
deposit crystaU of the dissolved substance as it cools, 


Fio, 46, 
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Soluble substances are frequently dissolved, and then crys- 
tallised from their solution in this way, in order to free 
them from impurities. 

Experiment 68. — Concentrate the copper sulphate solu- 
tion which was prepared in Exp. 64, and allow the liquid to 
cool. If sufficient water has been evaporated, crystals will 
form. Keep the copper sulphate in the dish for future use. 


Precipitation. 

90 . Precipitation by a Liquid. — When two clear and 
transparent solutions are mixed together, they frequently 
become more or less turbid or opaque, owing to particles of 
a solid substance being formed in the liquid. A solid sub- 
stance thus produced is called a precipitate^ and the process 
of producing a precipitate is termed precipitation. 

A substance is frequently removed from solution by caus- 
ing it to form an insoluble compound or precipitate. The 
substances which are added for this purpose are termed 
reagents or precipitants : they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed. Mixture may be effected by 
warming. the bottom of the test-tube in the flame, by 
stirring the liquid with a glass rod, or by pouring the liquid 
from one vessel to another. 

A precipitate often appears more rapidly when the liquid 
is vigorously shaken, or when it is warmed. 

Experiment 69. — Pour some barium chloride solution into 
a test-tube, and add ammonium carbonate solution. A white 
precipitate of barium carbonate will form. Keep the precipi- 
tate and liquid in the test-tube for future use. 

In this instance barium chloride and ammonium carbonate 
may be readily dissolved in separate portions of water. 
But if these solutions are mixed, two different substances, 
ammonium chloride and barium carbonate, are produced. 
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The former of these remains dissolved in the water ; but the 
latter is insoluble, and therefore separates as a fine powder 
in the liquid. 

Precipitates diflfer much in colour and in general appear- 
ance and properties; they are therefore frequently pro- 
duced, by the addition of suitable reagents, in order to show 
the presence of a substance. Precipitates are also produced 
for the purpose of separating one substance from another. 

The appearance of a precipitate is usually described by its 
colour and by its condition. It is floccvlent^ if it forms in 
flock-like masses ; crystalline^ if it consists of small particles 
which are seen to be crystals under a lens or microscope ; 
gelatinous^ if it is jelly-like in its consistency. The formation 
of a slight precipitate may cause only a turbidity in a liquid. 

The colour of a precipitate is often falsified by gaslight. 
If the colour is to be seen at night, it should be examined 
by the light produced by the electric arc, or by a piece 
of burning magnesium ribbon, 

91. Precipitation by a Solid Beagent is occasionally 
resorted to. Thus a metal is not unfrequently precipitated 
from the solution of its salt by the immersion in it of 
another metal. 

Experiment 70. — Dip a clean penknife-blade into some 
of the copper sulphate solution (Exp. 68), to which a few 
drops of sulphuric acid have been added. After a short 
time metallic copper will be precipitated from the solution 
and covers the iron as a red film. 


Filtration. 

The Processes of Filtration and of Decantation (94) 
serve to separate a precipitate from a liquid in which it is 
suspended. 


92. Piltration. — The liquid containing the precipitate is 
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poured upon the porous paper. The liquid itself runs through 
the pores of the paper, but the solid particles of the preci- 
pitate are retained upon the surface of the paper. 

The paper employed is called filter-paper. The liquid 
which has passed through the filter is termed the filtrate, A 
filtrate may frequently be coloured by some substance dis^ 
solved in it, but it should be perfectly free from turbidity 
caused by solid particles suspended in it. 

The ordinary process of filtration, as it is employed in chemical 
analysis, is described below : methods of filtration on a larger scale 
are described in paragraphs 1144 , 1145 . 

Prepare a filter for filtration as is directed below. 


Fig. 47. 


Experiment 71. — Measure a glass funnel (fig. 47) along 
its sloping side from shoulder to rim. Select a circular filter- 
paper, the radius of which is somewhat less than this in 
length : fold it across into a semicircle, then fold 
it again at right angles into a quarter of a 
circle ; now open out either of the sides, so as 
to form a little conical bag (d, fig. 48). This 
forms an ordinary filter. 

If ready- cut filters of suitable size are not at hand, cut 
from a sheet of filter-paper a square piece, the edge of Funnel. 
which is rather less than double the length of the side 
of the funnel. Fold it over along the dotted line (a, fig, 48) ; then 
again along the dotted line {h). This gives a square (c) which at 
one angle has four free corners ; these are removed by cutting with 
a pair of scissors along the curved dotted line shown in (c). 

filter is now made and only requires to be opened. By sepa- 
rating the curied edges so that they form a circle, three remaining 
on one side of the circle and one on the other, a little closed pointed 
paper bag is formed (d). 



A filter of the same sliapq, but of uniform thickness, may be made 
from half an ordinary circular filter-paper, or from half of the circular 
flat paper formed by opening out the filter (d). This semicircular 
paper is folded into a quadiant shape, and the two radial edges are 
doubled over together several times, the fold being pressed down 
with the finger nail. The unused half of the filter (fig. 48. d) is 
absent in the filter which is formed by opening out this paper, and , 
filtration is more rapid in consequence. 
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The folded filter is now gently pressed with dry fingers 
into the dry funnel, and the folding is altered if necessary 
until the paper fits the glass closely. It is then moistened 
all over with water from the wash-bottle and is ready for 
use. 

This preliminary moistening of the filter-paper must not be 
neglected ; since if the liquid which contains the precipitate is 
poured upon a dry filter, some particles of the precipitate may get 


Fig. 48. 



Folding and Cutting Filter. 


between the fibres of the paper ; the paper then shrinks on being 
wetted, and thus incloses the solid particles which choke the pores 
of the filter. Filtration may in this way be seriously retarded. 

During the filtration of a liquid the funnel may be placed 
with its neck in a test-tube, which is supported in the test- 
tube stand. Care must, however, be taken that the inside 
of the upper part of the test-tube is dry, and that there is a 
space between the neck of the funnel and the inside of the 
tube ; since, if the egress of air from the test-tube is pre- 
vented, the filtration will be stopped. 

The funnel is therefore preferably supported upon the ring 
of a wooden filter-stand (fig. 49) ; and the filtrate is received 
in a small beaker standing beneath the funnel, instead of in 
a test-tube. 

As has been already stated, the upper edge of the filter 

must always be belnw the rim of the funnel : and when the 
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liquid, which is to be filtered, is being poured into the filter, 
great care must be taken not to let it reach the upper edge 
of the filter-paper. 

The precipitate should not more than half fill the filter, 
else it cannot conveniently be washed. 

Experiment 72. — Pour the liquid containing the preci- 
pitate of barium carbonate, from Exp. 69, through the 
filter. If the above directions have been carried out, and 
no hole has been made in the 
paper, while it is being prepared or 
fitted into the funnel, the filtrate 
will run through perfectly clear, 
leaving the barium carbonate on 
the filter. Keep the filter and pre- 
cipitate in the funnel for future use. 

Sometimes the filtrate passes away 
from the filter in a turbid condition. 

In order to remove this turbidity, 
the turbid portion of the filtrate 
must be poured once or twice 
through ^the same filter. Or the 
turbidity may be prevented by 
pouring the liquid at first through 
a double filter, which is prepared 
by folding two filter-papers to- 
gether as one : a double filtration is thus secured in one 
operation. 

It should be borne in mind that a hot liquid passes 
through the filter more quickly than a cold one. Hence, if 
it is not inadmissible for other reasons, a solution should 
always be heated before it is filtered. 

Common filter-paper may contain a little calcium carbonate. This 
is of no importance in an ordinary analysis, and is only objection- 
able when an acid solution has to be examined for traces of calcium 
after filtration. In order to remove this impurity, the filter is fitted 
into the funnel in the usual way and is moistened with dilute 
hydrochloric acid ; it is then well washed with distilled water. 


Fig. 49. 



Filter- Stand. 
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This process of treatment is, however, seldom necessary, since 
filters may be obtained at small cost, which are practically free 
from all matter which is soluble in acids. 


93. Accelerated Filtration — Methods for expediting the filtration 
of large quantities of solids from liquids are described in paragraph 
1143. But it is often desirable to hasten the process of filtration of 


Fig. 50. 



Fig. 61. 

l\ 



Geissler. 

Aspirator. 


small quantities of solid from a liquid in any ordinary funnel, more 
especially when a flocculent precipitate is being separated from a 
liquid. This may be effected either by attaching a suitable tube to 
the funnel, or by means of a filter>pump or an aspirator. 


(1) One of the simplest means of increasing Jhe rate of filtration is 
to attach to the funnel a glass tube, bent as is shown in fig. 50. As 
soon as the filtrate has filled this tube, ‘the weight of the column of 
liquid tends to draw the liquid through the filter, and the rate of 
filtration is accordingly increased. 

Another simple method is to attach to the funnel a straight piece 
of glass tube about 2 feet in length and 1 millimetre in bore. The 
liquid column which is suspended in this tube acts in the way just 
described. 
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(2) A Filter-pump, or which applies suction to the neck 

of the funnel, is frequently useful to hasten the process of filtration. 

The accompanying illustration (fig. 52) shows a convenient arrange- 
ment for this purpose. The glass Geissler- aspirator (fig. 51) is shown 
over the sink, connected by stout rubber tubing, inclosing canvas, with 
the high pressure water-tap. When the water is turned on and flows 
through the aspirator, air is sucked from the thick- glass conical tubu- 
lated filter-flask ; and the atmospheric pressure, acting on the liquid 
in the funnel, is thus utilised for forcing the liquid through the filter. 


Fig. 62 . 



Water Filter-Pump, or Aspirator. 


The two-necked Woulffe’s bottle is interposed between the 
aspirator and the filter-flask in* order to prevent the water in the 
aspirator from entering the flask. 

The neck of the funnel is fitted by a rubber cork into the neck of 
the conical filter-flask ; and in order that the pressure which is 
exerted on the point of the filter-paper may not burst it, either 
toughened filter-paper may be used, or the ordinary filter-paper may 
be supported beneath by a small filter-cone of muslin or platinum. 





74 


ACCELERATED FILTRATION. 


[93, 


The platinum cone is cut from apiece of platinum foil measuring 
about IJ X 1 J inch (fig. 53). A hole is pierced by a pin near themiddle 
of the foil. The foil is cut through from the edge to this hole. The 
corners are removed by cutting round in a circle which has the pin- 
hole for its centre. The spring is then taken out of the foil by heating 
it to redness and cooling it slowly, and the foil is shaped into a cone 
(fig. 48, (f, 92), which must be fitted exactly 
into the bottom of the funnel After the plati- 
num cone has been placed in the funnel, a dry 
filter-paper is folded as usual and is fitted 
closely into the dry funnel. 

Before the filter is used for filtration it is 
moistened with water, and is then gently 
pressed, where necessary, with the fingers until 
it adheres perfectly to the funnel ; the upper 
edge of the filter especially requires to be care- 
fully pressed against the glass in this way. The 
filter is now tested, by filling it with distilled water and setting the 
pump in action. If the paper fits properly and has been pressed 
into contact with the funnel, no air-bubbles will be sucked down the 
neck of the funnel until the whole of the water has passed through 
the filter. Any air-leakage must be 
stopped by pressing the paper against 
the funnel where such leakage occurs. 

Besides expediting the filtration and 
washing of precipitates, such an arrange 
ment also enables the precipitate to 
be dried to a great extent by sucking 
air through it after the li^juid has passed 
away. 

The aspirator may be replaced by other 
forms of apparatus for producing suction. 
A common hand-syringe may be used, 
but this is liable to be attacked by acid 
vapours if it is made of brass. 

A Special Bovm of Recewcr is repre- 
sented ijg fig. 54 to serve as a substitute 
for the conical fiask. It consists of an 
ordinary separating funnel, which is 
Special Receiver for closed with a doubly perforated rubber 
THE Filtrate. stopper. One perforation carries the 
funnel, which is used for filtration. Into 
the other is inserted a branched tube, one limb of which (6) is con- 
nected with the filter-pump, while the other (a) can be opened to 
the atmosphere by turning the stopcocks The use of this receiver 



Fig. 53. 



Platinum 

Filter-Gone. 
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renders it possible to withdraw a portion of the filtrate during the 
process of filtration, by opening simultaneously the stopcocks at a 
and at c and stopping the action of the filter-pump. 


Decantation from a Precipitate. 

94 . The Process of Decantation serves to separate 
precipitates, which settle rapidly from the liquid, without 
the use of a filter. 

For this purpose, the vessel containing the liquid and pre- 
cipitate is allowed to stand until the precipitate has settled. 
The liquid is then carefully poured off, or decanted^ by 
gently inclining the vessel. A wetted glass rod, pressed 
against the edge or lip of the vessel (fig. 55), helps to pre- 
vent the precipitate from being disturbed while the liquid 
is flowing away from it. 

The process of decantation, if it is carefully performed, 
will serve to separate the liquid in a clear condition almost 
completely from a heavy precipitate. 

Experiment 73. — Add boiling dilute sulphuric acid to 
s«>me boiling solution of barium chloride. A heavy precipi- 

FiG. 55. 



Decantation op a Liquid. 


tate of barium sulphate will be formed. This precipitate 
may be readily separated from the liquid by decantation. 
Keep the precipitate in the test-tube for future use. 
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Washing the Precipitate. 

95. The Washing of a Precipitate, which has been 
separated from the liquid in which it was suspended, is 
usually necessary in order to free the precipitate from the 
adhering solution. 

If the precipitate has been filtered, it is washed upon the 
filter (96) ; if it has been separated by decantation, it is 
usually washed by decantation (97). 

96. Washing the Precipitate on the Filter. — The fol- 
lowing directions will serve to explain how this process is 
carried out, and will indicate what precautions should be 
observed in order to secure success. The washing process 
may be hastened by employing the devices which have been 
already described in par. 93. 

Experiment 74. — Support the funnel, which contains 
the filter and the barium carbonate precipitate from Exp. 
72, in a filter-stand above a beaker or flask (fig. 49, p. 71). 
Blow into the filter a fine stream of hot distilled water 
from the wash-bottle ( 12 ), so directing the jet as to stir yp 
the precipitate. Fill the paper with water to within a short 
distance from its edge. Let this water run through perfectly. 
Then nearly fill the filter again in the manner just described. 
Repeat this process three or four times, letting the water 
run through completely each time before adding a fresh 
quantity. 

The precipitate and the filter will probably now be free 
from everything soluble in water, and the water which 
passes through the filter will therefore be tasteless. Ascer- 
tain whether the washing is complete, by collecting the last 
Jew d/ro'pB of the washing-water in a clean test-tube, and 
testing whether it contains any chloride by adding to the 
liquid a drop of silver nitrate solution. No turbidity must 
be produced. If turbidity appears, the washing must be 
continued, and the washing- water must be tested again. 
The process of washing must be continued, until silver 
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nitrate produces no turbidity when it is added to the last 
portions of the water running from the funnel. 

97 . Washing the Precipitate by Decantation. — This 
method is a quick and easy one with a suitable precipitate. 

Experiment 75. — The precipitate of barium sulphate 
from Exp. 78 may be washed by decantation as follows. 

Hot water is poured into the vessel containing the pre- 
cipitate, and the water is shaken, stirred, or boiled with 
the precipitate, which is then allowed to settle. As soon as 
the water has become clear, it is poured off as completely as 
possible in the way shown in fig, 55 (94)- 

By repeating this washing process several times, with the 
addition of fresh portions of boiling distilled water, the pre- 
cipitate may be entirely freed from the adhering solution. 

While the washing- water is being poured off it should be 
occasionally tested with blue litmus-paper, in order to ascer- 
tain when it ceases to redden the paper and is therefore 
proved to be free from acid. As soon as the washing-water 
is quite free from acid, the precipitate may be considered to 
be thoroughly washed. 

is usual to Ascertain when the Washing of a Pre- 
cipitate is Complete, by testing the washing-water for 
some soluble substance which is being removed by the 
washing. That substance is usually tested for which is most 
readily detected. Experiments 74 and 75 serve to illustmte 
this statement. 


Drying the Precipitate. 

98 . A Precipitate may be dried by placing the funnel 
in a hollow tin cone or cylindfir, called sl filter-dryer (fig. 56). 
The filter-dryer is then either supported on a piece of iron 
wire-gauze upon a tripod-stand over the fiame of a rose- 
burner turned very low, or it is placed upon a heated iron 
plate or sand-bath. 
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The funnel is thus exposed to a current of hot air, which 

rapidly dries the filter and the precipitate. Great care must 

^ be taken so as to regulate the heat as not 

Fig. 56. , , ° 

to char the filter. 


t The risk of charring the paper may be 
woided by placing the funnel, in a per- 
forated shelf, in the steam-oven. This 
3 ven is shown in the separate form in 
Qg. 57, and is seen combined with a 
wrater-still in fig. 02, par. II31. 

Fig. 58 shows, in section, the arrange- 
Filtbb-Dkyeb. maintaining the water in the 

jacket of the steam-oven at a uniform 
level. A further description of the steam-oven is given in 
paragraph 1 1 32. 


COISTABT 


Water-Oven. 


The air-oven (fig. 59) may be employed instead of the 



of a retort-stand or upon a high tripod-stand. A small 
flame from a rose-burn^ is then placed beneath the gauze, at 
a sufficient distance to prevenjb any risk of charring the paper, 

A precipitate may be partially dried by opening out the 
filter, which contains it, upon several dry filter-papers, and 
allowing these papers to absorb the water. This process 
may precede those which have been alreiidy mentioned. 
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steam-oven, the temperature of the interior being suitably 
adjusted by noting the thermometer and properly regulating 
the flame. 

A precipitate may be more rapidly dried by first draining 
it in the funnel, and then removing the filter and spreading 
it upon a piece of wire-gauze which is supported on the ring 
Fig. 59. 
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Removing the Precipitate from the Filter. 

99. Removal of Fart of the Precipitate from the Filter. 
— A small quantity of a moist precipitate may be taken 
from the filter by dipping the end of a glass rod into it. If 
a watch-glass, or the interior of a test-tube, is then touched 
with the end of the rod, a portion of the precipitate is 
deposited upon the surface of the glass, and may be subjected 
to further test or examination. 


A larger quantity of the precipitate may be taken out of 
the filter by means of a glass spatula, made by flattening out 
the end of a glass rod which has been softened in the flame. 

100. Removal of the Whole of the Precipitate from the 
Filter. — If the precipitate is to be removed from the filter 
as completely as possible, several methods are available. One 
or other of those described below under a, h, c, d, e, and f, 
must be chosen according to circumstances. 

(a) Washing down the Precipitate through the neck 
of the Funnel. — A hole may be made in the bottom of the 
filter by means of a glass rod, which is pushed down through 
the neck of the funnel. The precipitate is then easilj 
washed down into a vessel, placed beneath the funnel, by a 
fine stream of liquid from the wash bottle. 


Fig. 60. 


(hi Washing out the Precipitate from the Jlim of the 
Funnel. — The funnel may be held with its neck horizontal, 
and with its rim just inside the edge of 
a porcelain dish (fig, 60 ). The precipi- 
tate is then washed out of the funnel 
by directing a fine stream of water from 
a wash-bottle against the inside of the 

Washing the Pbe- filter. 
cipitate out op 

THE Funnel. Removal of the Filter with the 

Precipitate from the Funnel, followed by rinsing off the 
precipitate. — The precipitate is allowed to remain in the 
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filter in the funnel for some time, in order to permit as much 
water as possible to drain away. The filter is then care- 
fully taken out of the funnel and is further dried if neces- 
sary, by laying it upon several folds of filter-paper. After 
the portions, which contain no precipitate, have been re- 
moved, the filter is spread out inside a porcelain dish. 

The liquid, with which the precipitate is to be treated, is 
then poured into the dish ; and this liquid is Shaken round 
in the dish, and the filter is carefully rubbed with the 
rounded end of a glass rod, until the precipitate has been 
removed from the paper. With a little care this may be 
efiected without tearing the paper. The filter-paper is then 
removed from the liquid by means of a glass rod. 

(d) Removal of the Filter with the Precipitate, fol- 
lowed by Scraping off the Precipitate, — If it is undesir- 
able to add a liquid to the precipitate upon the filter, the 
precipitate is allowed to drain for a short time, and is then 
further drained, if necessary, by removing the filter from 
the funnel and laying it upon several dry filter-papers. 

The filter is then spread out upon a flat piece of glass, and 
the precipitate is carefully scraped off with a glass rod 
w hich is pressed flat upon the paper, or with a small glass 
spatula (99). 

This method is usually the most imperfect, but is fre- 
quently the best for other reasons. 

(e) Removal of the Precipitate by Dissolving it in the 
Filter. — If a precipitate is to be dissolved off’ the filter, the 
liquid, which is to be used as a solvent, is heated, and is 
then poured upon the precipitate. The solvent will run 
through the filter into a vessel placed below the funnel, and 
will take with it the precipit'ite in solution. 

After the liquid has passed through the filter, it should 
be heated again and once more poured upon the precipitate 
if the latter is not entirely dissolved. The liquid is reheated 
and returned to the filter in this way as long as anything 
remains undissolved. If any portion of the precipitate still 

6 
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remains, it must be removed by using a fresh portion of the 
solvent. 

Experiment 76. — Remove in this way the precipitate of 
barium carbonate (Exp. 74) from the filter, by means of hot 
dilute hydrochloric acid. 

(f) Removal of the Precipitate by Rinsing it through 
the Filter with the Solvent. — A precipitate may also be 
removed from the filter, by means of the liquid with which 
it is to be treated or dissolved, in the following manner. 

The funnel is supported over a suitable vessel. The liquid 
is poured in and is quickly stirred up with the precipitate by 
means of a thin glass rod. The bottom of the filter is then 
pushed out through the neck of the funnel by the glass rod. 
The liquid will now flow through the neck of the funnel, 
carrying the precipitate with it. 

If some of the precipitate remains on the filter, the liquid 
must be poured again through the funnel, and by repeating 
this process all the precipitate may be removed. 


Use op Test-papers. 

lOI. Litmus and Turmeric Test-papers.— The twp vege- 
table colouring substances, litmus and turmeric^ undergo 
marked changes of colour when they are acted upon by 
certain substances. These changes serve to indfcate whether 
a liquid or gas is acid^ or alkaline : if no change occurs, it 
may be inferred to be neutral. 

The analyst is usually provided with slips of paper which 
have been stained with solutions of these colouring sub- 
stances. These slips of paper are kifown as test-papers. The 
different papers are easily distinguished by their colours. The 
following experiments will explain their use. 

I02« Acid, Alkaline, or Neutral Reaction in a liquid is 
ascertained by the behaviour of the liquid with these test- 
papers. 
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Experiment 77. — Dip a clean dry glass rod successively 
into dilute hydrochloric acid, into ammonium hydrate solu-* 
tion, and into barium chloride solution. After each immer- 
sion of the rod, draw its end, wetted with the solution, 
successively across blue litmus-paper, red litmus-paper, and 
yellow turmeric-paper. The following results will be ob- 
tained. 

. Hydrochloric acid will redden blue litmus, but will not 
alter the colour of red litmus or of turmeric ; it possesses 
an acid reaction. 

Ammonium hydrate solution will not affect the colour of 
blue litmus, but will turn red litmus blue and turmeric 
brown ; it shows alkaline reaction. 

Barium chloride solution will not affect the colour of any 
one of the test-papers : it is neutral. 

Each of these liquids is typical of a large class of sub- 
stances, in so far as its behaviour with these test-papers is 
concerned. 

103. Neutralisation : Addition of Acid or of Alkali in 

*fixcess. — It is occasionally necessary to exactly neutralise 
an acid liquid by means of an alkaline liquid or vice verad. 
The acid or Alkali must also often be added in excess. The 
following experiment explains bow these processes are 
effected. 

Experiment 78. — Pour some dilute hydrochloric acid into 
a porcelain dish. Add solution of ammonium hydrate drop 
by drop, constantly stirring the liquid with a glass rod and 
touching the wet end* of the rod avainst a niece of blue 
litmus-paper. 

By proceeding cautiously, a point may be reached at 
which the liquid does not affect the colour of either blue 
or red litmus- paper ; the acid is then said to have been 
neutrcdiaed by the alkaline liquid. The latter part of the 
process of neutralising the acid liquid should be completed 
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by the addition of the alkaline solution in a very dilute 
condition, since the addition of an excess of the alkaline 
solution is thus more readily avoided. 

Add another drop of ammonium hydrate : the liquid will 
now have acquired an alkaline reaction : the alkaline solu- 
tion is accordingly said to have been added in excess. 

It will be easily understood from the above description 
how an alkaline solution may be neutralised by the addition 
of an acid, and how it may be acidified by the addition of 
an acid in excess. 

t04« General Remarks on Test-papers. — In selecting 
between red litmus and turmeric test-papers for the detection 
of alkaline reaction, it should be remembered that turmeric- 
paper is usually more sensitive than red litmus-paper, since 
red litmus-paper frequently contains an excess of acid. 

A turbid liquid will often form a deposit when it is placed 
upon the test-paper, and this may conceal the colour of the 
paper. The colour will, however, usually be visible on the 
back of the paper if it is unglazed. If the paper is glazed, 
the colour will be easily seen after the deposit has been*- 
washed off by a stream of distilled water from the wash- 
bottle. 

Test-papers must always be kept in a stoppered bottle, in 
order to guard them against undergoing change by the action 
of gases contained in the laboratory air. The bottle should 
be shielded from light as much as possible, since these 
vegetable colours fade under the action of strong daylight : 
this is especially the case with turmei^c paper. 
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Simple Ignition. 

105 . Solid Substances are Heated strongly, or Ignited, 
in order to study the effect of heat upon them, since by this 
means their composition or nature is frequently revealed more 
or less completely. Ignition also serves to remove volatile 
from non-volatile substances. 

It is a necessary condition of the process of simple ignition 
that the substance, which is being heated, shall suffer change 
only by heat. It must not undergo chemical alteration by 
contact either with the flame, or with the substance of the 
vessel or support, or by admixture with chemical reagents. 

Experiment 79. — Heat some white zinc oxide in a small 
ignition-tube ( 8 ). The hot substance will be lemon^yellow^ 
but the colour will change to white again as the oxide cools. 
These changes of colour are characteristic of zinc oxide. 

In the early stage of the heating, drops of water will 
probably condense in the upper part of the tube : this proves 
that moisture was present in the oxide. Ignition in a tube 
is often employed to detect the presence of water in a sub- 
stance. 

Experiment 80. — Heat a little mercuric oxide in a small 
test-tube or ignition -tube. After a short time minute shining 
drops of the metal mercury will be seen in the upper part of 
the tube, If a splinter of wood with a spark at its end is 
now held in the tube, it will burst into flame. The behaviour 
of this red powder, when it is ignited, shows that it contains 
the elements mercury and oxygen (25) • 

i 

Experiment 81. — Heat* a few particles of charcoal 
powder on platinum foil, by directing the tip of the blow- 
pipe-flame against the under surface of the foil. The 
charcoal will slowly burn away. This behaviour shows 
that the black substance consists of carbon. 

Experiment 82.—Heat a small piece of RwnQhium. 
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chloride in an ignition -tube. The ammonium chloride will 
pass ofi’ as vapour or volatilise^ and the vapour will cool in 
the upper part of the tube forming a coating or sublimate. 
This proves that the salt is volatile. 

Experiment 83. — Heat in the same way a small piece of 
potassium chloride. This will melt, but will not pass oflf as 
vapour. It will become solid again on cooling. Potassium 
chloride is only very slightly volatile. 

Hence if a mixture of ammonium chloride and potassium 
chloride is heated on platinum foil, the potassium chloride 

Fig. 61. Fig. 62. 



Ignition over the Wallace-Burner. 


alone will be left in the residue, since the ammonium chlo- 
rideVill be removed as vapour. 

If the quantity of the substance to be ignited is large, it 
is usually heated in a porcelain or platinum vessel over the 
Bunsen- or Fletcher -flame (fig. 80, 1076)- 

Small quantities of substance may be conveniently ignited 
in little porcelain or platinum capsules over a Wallace - 
Argand burner from which the gauze top has been removed 
(figs. 61, 62). 

The luminous flame must not be allowed to touch the 
capsule. 
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Treatment with Fused Reagents. 

I06. A Substance is often Heated with certain Solid 
Reagents until they fuse, in order to cause chemical changes 
to occur between the substance and the reagents. 

Experiment 84. — Mix a little barium sulphate, which is 
insoluble in water and in acids, with sodium and potassium 
carbonates, and heat the mixture on platinum foil until the 
alkaline carbonates fuse. Maintain the salts in a fused 
condition for several minutes. The following change will 
have taken place : — 

BaSO, + Na.CO^ = BaCO^ + Na,SO,. 

Now treat the cool product of the fusion with water. 
Sodium sulphate will be dissolved. Separate the residual 
barium carbonate by filtration, and wash it. Then treat it 
with dilute HOI : the insoluble carbonate will dissolve as 
chloride. The original barium sulphate is thus obtained in 
solution as chloride. 

Substances which cannot be dissolved in water or in acids 
may frequently be obtained in solution in a similar way to 
that just described. The mixture of alkaline carbonates, 
which is used for the purpose, is generally known as “ fusion 
mixture.’^ 

Sometimes the treatment with fused reagents yields a 
characteristic result, which serves to detect the presence of 
a substance. 

Experiment 85. — Place a little powdered sodium car- 
bonate and potassium nitrate on a piece of platinum-foil, 
and then add a minute quantity of manganese dioxide. 
Hold the foil with crucible-tongs in the top of the Bunsen- 
flame, or heat the under surface of the foil with the point of 
the blowpipe* flame. The mass will soon melt or fuse. Keer 
the substances in a melted state for a short time, and tb 
allow the mixture to cool. 
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A bluish-green mass will remain upon the foil, the colour 
of which is due to the sodium manganate which has been 
formed by the fusion. This colour is produced only when 
manganese is present, and the above process therefore serves 
as a test for that metal. 

In the above experiments (79-85) the gases of the flame 
are not allowed to take any part in the change which is 
described. In other cases of ignition, which immediately 
follow, the flame gases aid in producing the reaction. 


Flame Reactions with Reagents. 

107. The Gases of the Blowpipe-flame (6) or of the 
Bunsen-flame may play the part of Reagents in affecting 
the composition of the substance which is being heated. In 
order to understand the nature of these changes the structure 
of the flame must be carefully observed. 

In a well-formed blowpipe-flame or Bunsen-flame two 
parts may be distinguished : the inner-flame^ which is blue 
and pointed ; and around and beyond this an almost colour- 
less flame, which is commonly known as the outer flaw^e. 

The Inner-flame is often called the redming or the de 
oxtdising flmne, because it separates or reduces metals from 
their oxides and from many of their cdhapoiiinds, and in 
general deoxidises substances. This deoxidising power is 
due to the action of the hot but incompletely burnt com- 
bustible matter, which is present in this part of the flame. 

The inner flame is obtained of large size by placing the 
tip of the blowpipe nozzle only in thg very edge of the flame, 
which has been made somewhat luminous by partially closing 
the air-holes of the Bunsen-burner. 

The Outer-flame is also known as the oxidisingflame, 
ecause it changes metals into their oxides, and oxidises 

ny other substances, by supplying them with oxygen at a 
temperature. 
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The size of the outer-flame is increased by pushing the 
nozzle of the blowpipe into the interior of a Bunsen-flame, 
which has been rendered partially luminous by properly 
adjusting the air-supply. 

In the following processes the results obtained will usually 
vary when the substance is heated in the inner-flame or in 
the outer-flame. 

I08. The Borax-bead — Fusion with Borax. — When cer- 
tain metals and their compounds are fused with borax, they 
are converted into coloured borates. The colour of each of 
these borates is characteristic, either in itself or in the 
changes which it undergoes in the outer and inner flames. 

The method of making the borax-head is explained in 
Exp. 86 . Its use for testing is illustrated by Exp. 87. 

Experiment 86. — Place a little powdered borax on a 
watch-glass. Moisten the loop of a piece of mounted 
platinum-wire ( 9 ), and dip it into the borax. Then hold 
the loop with the adhering powder in the outer blowpipe- 
flame until the borax melts. 

If the bead thus formed does not fill the loop, dip the 
melted bead again into the borax ; more powder will adhere 
and may be melted in the flame. In this way powder is to 
be constantly added, until a drop or bead is obtained which 
completely fills the loop. This bead must be perfectly 
colourless and transparent when it is cold. 

If the melted bead easily drops from the wire, either the 
loop or the bead is too large. A loop which is somewhat 
less than an eighth of an inch across answers well ; it may be 
made by rolling the tip of the wire round a piece of stout 
wire. If the bead is to^ large? remove a portion of it by 
giving the wire a slight jerk while the borax is in a fused 
pondition. 

If the bead thus formed shows any colour, it is jerked oflf 
while it is in a fused condition, and another bead is made 
from fresh borax. This process is repeated, if necessary, 
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until a bead is obtained, which is colourless after it has 
been heated in the outer blowpipe-flame. 

Experiment 87. — Moisten the clear cold borax-bead, and 
dip it into some finely-powdered manganese dioxine ; a few 
minute particles only are to be thus attached to the bead. 
Then fuse this substance into the bead, by heating it for a 
short time in the tip of the outer blowpipe-flame. Examine 
the colour of the bead at once by looking through it at a 
piece of white paper, or at a window-light or bright flame. 
It will be purple or amethyst-red while hot, and the colour 
will not alter when the bead has cooled. 

Now heat the bead again for some time in the tip of the 
innei* blowpipe-flame. Its colour will vanish. The colour 
will, however, reappear when the bead is heated at the tip 
of the outer blowpipe flame. These changes of colour in the 
borax bead characterise the metal manganese, 

General Remarks on the Borax-head. — A beginner often obtains an 
opaque bead in the above experiment. This is caused by the use 
of too much manganese oxide. If this should happen, the bead 
should be fused again, and a portion of it should be shaken ofi and 
replaced by fresh borax. 

When the test with the borax-bead is finished, the bead is de- 
tached, while it is still fused, by giving the wire a sudden jerk. The 
bead may also be removed, after it has cooled, by crushing it on a 
hard flat surface by a sharp blow with the pestle. 

Two mounted platinum-wires should be kept, and their loops 
should always be immersed in dilute hydrochloric acid*when the 
wires are not in use. They will then only require to be washed with 
water before they are employed for the above test. 

109. The Microcosmic-bead. — Certain substances give more decisive 
colorations to a fused bead of microcosmic salt (NaNH 4 HP 04 . 4 H 20 ) in 
the platinum-wire loop than to a bead of borax prepared as has been 
described in the preceding paragraph. ^The platinum-wire loop for 
this test must be made smaller than for borax, else the bead drops 
out of the loop. 

1 10. Ignition on Charcoal in the Blowpipe-flame. — 

Wood charcoal is often employed as a support for sub- 
stances which are to be strongly heated in the blowpipe- 
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flame. It possesses the advantage of being cheap and in- 
fusible, and of being a very poor conductor of heat. 

Charcoal is often, however, selected for this use on account 
of the reducing or deoxidising power which it can exert at a 
high temperature. This renders it entirely unsuitable for 
oxidising processes such as that described in Exp. 85 (l 06 ). 

Ignition on charcoal, therefore, serves chiefly to detect the 
presence of the heavier metals in their compounds. These 
are smelted out by the reducing action of the inner blowpipe- 
flame, aided by that of the red-hot charcoal. The assistance 
of fused reagents is, however, often necessary or at least 
advantageous. 

The vapours of some metals, which have been thus smelted 
out, burn as they leave the charcoal and the metallic oxides 
thus formed are deposited as incruBtations. The white ash, 
which is left by combustion of the charcoal, must not be 
mistaken for such an incrustation. 

Experiment 88. — Choose a piece of wood-charcoal which 
is free from large cracks, and which does not crackle or spit 
when it is heated in the blowpipe-flame. Scoop out a small 
hollow near one end of it, with a knife or with a charcoal- 
Dorer. 

Place in this cavity a little powdered lead acetate and 
sodium carbonate, and mix the powders together in the 
cavity with the point of a penknife. 

Heat this mixture in the inner blowpipe- flame, holding 
the charcoal in such a way that the flame plays over its 
surface (fig. 63). 

Bright globules of lead will soon be visible in the cavity ; 
and when the charcoal is removed from the flame, the sur- 
rounding surface will be found to be coloured with a yellow 
incrustation. 

Take one of the little globules of metal from the charcoal 
with the point of a penknife, and strike it smartly with the 
pestle on the bottom of the inverted mortar. It will flatten 
out into a cake, shoeing that the metal is malleable and not 
hritUe^ 
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Detach another metallic globule, cleanse it from charcoal 
by rolling it between the moistened finger-tips, transfix it on 
the point of the penknife blade, and rub it on some paper. 
It will be found to mark paper as black-lead does. 

Lead compounds are characteristic by giving a yellow 
incrustation, and malleable globules which are soft enough to 


Fig. 63. 



Ignition on Chaecoal, 

mark paper, when they are subjected to this test on charcoal. 
The test therefore serves to detect the presence of lead in its 
compounds. 

III. Washing and Levigation of the Besidue left on 
the Charcoal. — Metallic globules, which have been obtained 
according to the directions given in the preceding experi- 
ment, are usually visible, at least with the aid of a lens. 
They are also easily detached from tlie charcoal. 

But fine metallic particles of scales can often only be 
detached and separated, after the fused residue has cooled 
and has been detached from the charcoal with the point of a 
penknife, and has then been washed by levigation. 

With this object, the residue is crushed in a mortar, or in a 
porcelain dish, with a little water. The water is then qifickly 
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decanted down the wet pestle, which is pressed against the 
edge of the vessel (fig, 64). The light suspended particles 
of charcoal, together with soluble substances, are thus poured 
off ; while the heavier and insoluble metallic particles are 
left in the vessel. By repeating this process of levigation^ 


Fig. 64. 



Washing by Levigation. 


the metal may be obtained free from soluble substances and 
from charcoal j it may then be further examined by a lens, 
or may be tested with a magnet or by other means. 

It may be noted that the addition of a piece of potassium 
cyanide to the mixture, before it is heated on the charcoal, 
will usually much facilitate the process of smelting out the 
metal, and will assist in bringing it into the globular condi- 
tion. 

ExPERiMtENT 89. — Fuse some sodium carbonate with a 
little copper sulphate on charcoal in the inner blowpipe-flame, 
and levigate the residue as is directed above. Little red 
scales of copper will be obtained. 

Experiment 90. — Jreat in the same way a mixture of 
ferrous sulphate and sodium carbonate, A grey powder^ con* 
sisting of metallic iron, will remain. When this powder 
is touched under water with the point of a magnetised pen- 
knife, it will attach itself in the form of a tuft. 
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Flame-Oolorations. 

1 12* Characteristic Colours are imparted to a Non- 
luminous Flame by the vapours which many substances 
emit at a high temperature. 

The blowpipe-flame may be employed to obtain these 
colorations. A Bunsen-flame also answers the purpose 
well, but on account of the lower temperature of this flame, 
many colorations are not obtained with promptness or 
intensity. 

When the Bunsen-flame is used for this purpose, it may be 
partly surrounded with a conical chimney, which steadies 
the flame considerably (figs. G5, 66, 67). The supply of 
air, entering by the air-holes, should be so regulated that a 
small luminous point appears near the top of 
the flame. The platinum wire is held either 
in this luminous point or just below it. 

Experiment 91. — Heat a platinum wire 
loop, which is not more than an eighth of an 
inch in diameter, in the inner blowpipe-flame. 
If the wire is clean, it will become red hot 
without colouring the flame. 

If the wire colours the flame, it must be 
boiled with hydrochloric acid in a test-tube 
and then rinsed well with water. Or it may 
be wetted with strong hydrochloric acid, and then heated 
strongly in the blowpipe-flame until it no longer colours 
the flame. If the loop cannot be cleansed in this way, the 
end of the wire must be cut off, and a fresh loop must be 
formed. 

Now dip the wire-loop into a little sodium chloride solu- 
tion on a watch-glass. When the loop is removed, it must 
remain filled by a drop of the solution. Then hold the loop 
at the tip of the* inner blowpipe flame. The outer flame 
will be coloured bright yellow. 

Repeat the experiment, placing the loop containing the 
solution in the outer part of the Bunsen flame, about half- 


Fig. 65. 



Bunsen- 
Bubnbb with 
Chimney. 
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way between its base and top. The same yellow tint will 
be seen above the loop. 

This yellow coloration is given to the flame only by sodium 
and by its volatile compounds. On looking at it through 
the indigo-prism, no yellow coloration will be visible. 

Experiment 92. — Eemove all sodium chloride from the 
platinum wire loop by heating it strongly in the tip of the 
blowpipe flame as long as it imparts any colour to the flame. 
Then dip the wire-loop into some solution of pure potassium 
nitrate. This will impart to the flame a pale lilac colour, 
which is characteristic of potassium and its compounds. 
When this coloration is viewed through the indigo prism it 
will appear crimson. 

Experiment 93. — Now dip the wire loop into a mixture of 
a few drops of the sodium chloride solution with a few drops 
of the potassium nitrate solution, which has been made on a 
watch glass. When the loop is held in the flame the sodium 
coloration only will be seen. But if this coloration is then 
viewed through the indigo prism, the crimson potassium 
coloration will be seen distinctly. By means of the indigo- 
prism the potassium coloration is therefore discoverable, even 
when it is concealed by that of sodium. 


The Spectroscope. 

1 13. The Spectra furnished by the Spectroscope aflford 
the most certain means of detecting substances by means of 
their flame colorations, more especially when the colorations 
due to several substances are mingled in the flame. 

When the coloured ligl^t from the flame coloration passes 
through the spectroscope it is separated into its constituent 
colours by traversing a glass prism. The coloured lines, 
which are secjn as the result of this separation, are termed 
the spectrum of the substance. By their colours and rel^itive 
positions they serve to identify the substance with certainty* 
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This is equally true whether the flame-coloration is pro- 
duced by one substance only, or by several ; since the 
constituent colours are in any case seen without interference 
one with another. 

Two forms of spectroscope are in common use for 
chemical analysis. The Direct-vision Sjyectroscope, which is 
shown ready for use in fig. 66, is recommended by its com- 
pactness and its portability. In its smallest form it can be 
carried in the waistcoat pocket. The Bunsen or Table 


Fig. 66. 



The Direct- Vision Spectroscope. 


Spectroscope, shown in fig. 67, is to be preferred tor general 
use as a stationary piece of apparatus in the laboratory. 

The light enters each of these instruments through a slit, 
the width of which can be adjusted to suit strong or feeble 
colorations. The rays of light, after passing the slit, are 
rendered less divergent by traversing aliens, and then pass 
through one or more prisms. The rays are finally focussecj 
by means of a sliding eye-piece, so as to give a sharp image 
of the slit. 

1X4* The Direct^vision Spectroscope is arranged for use 
by supporting it in a clamp in front of the flame (fig. 66). 
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The slit is then slightly opened, and the eye-piece is adjusted 
so as to sharply focus the vertical yellow line, which is 
due to the sodium compounds present in the atmospheric 
dust. 

Instead of supporting the instrument by a clamp, it may 
be held in the hand and directed on the flame. It is then 
most readily focussed, before it is directed on the flame, by 
rendering sharp the dark Fraunhofer lines, which are seen 
on looking through a window at ordinary daylight. 

Proceed to Exp. 94. 

II5. The Bunsen or Table Spectroscope (fig. 67) has 
usually three brass tubes. One of these carries the adjust- 
able slit, another the eye -piece, and the third a transparent 
photographic scale. 

The instrument is brought into adjustment by placing a 
Bunsen-burner with closed air-holes in front of the slit. 


Fig. 67. 



The Tabl^ Speotboscopb. 


On looking through the eye-piece at this luminous flame, a 
continuous spectrum of unbroken colours will be seen. THe 
upper and lower edges of this spectrum are sharply foc\issed 
by moving the eye-piece, and the two tubes are arranged 
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at such an angle as to give the longest complete spectrum 
possible. The tubes must either be permanently clamped in 
this position, or they must be so marked that they can at any 
time be brought readily into the same position with certainty. 

Air is then admitted into the Bunsen-flame by opening the 
holes of the burner, and the yellow sodium line, which is 
always visible, is arranged in a vertical position by rotating 
the slit-tube, and is then sharply focussed. The bright flame 
is now lighted opposite the end of the scale-tube ; the scale 
is focussed ; and the scale-tube is shifted until the yellow 
sodium-line stands at a particular graduation, theflftieth/being 
selected for the special chart in the figure. This yellow line 
will usually be seen in all the following experiments, since it 
is derived from the atmospheric dust, which enters the flame: 
it may be produced, if necessary, by introducing a platinum 
wire, moistened with sodium chloride solution, into the flame. 

Experiment 94. — When the spectroscope has been brought 
into adjustment, the student should proceed to introduce a 
mounted platinum wire (9) into the front of the Bunsen- 
flame, at a level just below the slit of the spectroscope. 
The platinum wire loop should be moistened successively 
with solution of sodium chloride, of potassium chloride, of 
barium chloride, of strontium nitrate and of calcium chloride. 

The wire may be conveniently supported in the flame by 
slipping its glass handle upon a horizontal wire arm, the 
height of which is adjustable on a stand such ‘as is repre- 
sented in figs. 66, 67. 

Coloured vertical lines will be seen when these flame-colora- 
tions are observed through the spectroscope. These lines will 
always be the same in colour and position for the same 
flame-coloration. They will vary, however, in these respects 
with the colorations of different substances. A particular 
line-8pectrum is therefore characteristic of each of the 
vapours which give rise to the above flame-colorations. 

1 16. The Spectrum-Chart. — ^The pocket-spectroscope is 
not usually furnished with a graduated scale for measuring 
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the position of the spectrum-lines. In the absence of a scale 
the relative positions of the lines of any particular spectrum 
may, however, be jotted down or remembered with approxi- 
mate accuracy. Since the yellow sodium line is never 
absent, it will furnish a useful landmark in the spectrum. 

The scale of the larger spectroscope, however, enables the 
position of the spectrum-lines to be noted down on a chart, 
and they are thus easily identified if the instrument is 
always brought to the same adjustmeht. The instrument 
must alwa}s be brought to precisely the same adjustment as 
it possessed when the lines were mapped down in the 
spectrum-chart, if the chart is to be of any use. 

The spectrum-lines will vaiy in position in different 
instruments, owing to variation in adjustment, and to differ- 
ence in the material and angles of the prisms. Hence it is 
necessary to make a separate chart for each spectroscope. 

The accompanying spectrum-chart (fig. 68) indicates a 
convenient method of mapping the lines, but the position 
of the lines on the scale only applies to the spectroscope 
from which the chart was made. 

In this chart the relative intensity of the spectrum-lines 
may be inferred from their varying thickness, while the 
relative intensity of the lines in each spectrum is indicated 
by the Greek letters applied in the order of decreasing in- 
tensity. The colour of each line is shown by the name of 
the colour which is placed at the top of the chart, over the 
region in wnich the line occurs. The position of each line 
is indicated by placing beneath it the number of the scale- 
graduation at which it stands. The position of the yellow 
sodium -line is marked in each spectrum by a dotted line ; 
this line is usually seen in every test which is made, for 
reasons which have been already stated, and it therefore 
serves as a landmark. 

A chart of this kind must be at hand for reference when 
the spectroscope is used for analytical work. The spectrum- 
lines may be marked in with pen or pencil on a white ground, 
but they are more striking if coloured. The chart may con- 
veniently be suspended near the instrument. 
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The spectrum of an unknown substance may be identified, 
even when the instrument has not been carefully adjusted, 
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The Spectrum- Chart. 

and in the absence of the chart# For this purpose the position 
of the lines is noted on the scale and the flame-coloration 
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of a known substance, which is believed to correspond to the 
spectrum which is under observation, is then thrown into the 
spectroscope. If the spectrum-lines of the unknown substance 
are identical in colour and in position with those given by the 
known coloration, the two spectra must be due to the same 
substance, and the unknown substance is therefore identified. 

Experiment 95. — The student should carefully observe 
and map the spectra of several of the metals, which arc 
mentioned in the spectrum-chart (iig. 68). He should then 
proceed to examine some of the mixed spectra, which are 
obtained from solutions containing the salts of two or more 
of these metals. The ease with which many metals can be 
found by means of the spectroscope, even in the presence 
of one another, will thus become evident. 

The Delicacy of this Method of detecting certain metals is extreme. 
Thus it is only in air which has remained undisturbed for a long time 
and is almost absolutely free from dust particles, that the sodium 
spectrum is not obtained from a Bunsen-tiame. By using extremely 
dilute solutions of metallic salts, the delicacy of the method has been 
proved in the case of other metals. Bunsen states that one three- 
thousand-millionth of a grain of sodium can be detected by the 
spectroscope. 

In the more Powerful Modem Spectroscopes several prisms are 
used, and the lines of the spectra become moie widely separated. 
Their relative positions may then be noted with great precision by 
moving the observing-tube until each line in succession is brought 
into the middle point of the cioss-wires in the eye-piece. The 
position of the eye-piece is then read off on the graduated edge of 
the circular table on which the prisms stand, and registers the 
position of each line. Instruments of great power and precision are 
however not requisite for ordinary analytical work, and the simple 
form of table spectroscope which has been already described will 
be found to be sufficient for the purpose. 

1 17. Use of the Spectroscope in Chemical Analysis. — 

The spectroscope is of special use in chemical analysis for 
the following purposes. 

1. For readily detecting metals when their flame-colora- 
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tions are concealed by that of sodium ; and generally for 
detecting metals, when their colorations are mixed in the 
dame. 

2. For distinguishing similar colorations from one another. 
Thus the red coloration of strontium is easily distinguished 
from that of calcium, by the strongest red line in each of the 
spectra being at a different distance from the sodium line ; 
these very similar flame-colorations are further distinguished 
by the appearance of a characteristic blue line in the spec- 
trum of strontium, and by a characteristic green line in the 
spectrum of calcium. 

3. For detecting minute traces »of many metals, which 
could scarcely be discovered by other means. The metals 
lithium, indium, thallium, rubidium, and caesium were dis- 
covered by their spectra ; and as these metals usually occur 
in minute proportion only, they are most conveniently de- 
tected by the spectroscope. 

It is by no means a matter of indifference which compound 
of a metal is selected for obtaining the flame-coloration or 
spectrum of the metal. The most volatile salts are generally • 
the chloride, the nitrate, and the chlorate ; these accordingly 
give the most vivid but the least durable spectra. The 
coloration is increasingly feeble with the sulphate, the car- 
bonate, and the phosphate ; and the silicate does^not usually 
give any coloration at all. 

The coloration becomes more intense when the finely 
powdered substance is moistened with strong hydrochloric 
acid. But in the case of a silicate it^is usually necessary to 
moisten the powder with hydrofluoric acid, or to mix it 
with pure ammonium chloride and calcium carbonate, before 
it is introduced into the flame. 

Some very volatile substances give only a momentary 
flash of colour in the flame ; while others, which are far less 
volatile, coldur the flame only at the highest temperature 
obtainable. Hence careful observation of the flame colora- 
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tion through the spectroscope is necessary , the moment 
that the substance is introduced into the flame, until the 
wire-loop has been heated to whiteness for some time. 

The width of the slit of the spectroscope should be 
regulated according to the intensity of the lines to be looked 
for. A bright line can be observed with a narrow slit, and 
its position is thus noted with great precision. The slit 
must, however, be opened much more widely to see a faint 
line, such as (fig. 68). Great breadth of the line is 
objectionable, since it prevents its position on the scale 
from being accurately noted, and often causes the edges of 
neighbouring lines to overlap. 

The background of the flame should be absolutely black, 
in order to prevent admission of stray light into the slit. 
A piece of black velvet hung behind the flame gives a good 
background. 
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PART I.— INTRODUCTION TO THE ANALYTICAL 
REACTIONS. 


Some paragraphs in this Section are marked with an asterisk (*) 
These may be omitted, if the analysis of simple salts only is to be 
learnt. These paragraphs will, however, require the careful atten- 
tion of the general analyst. 

Reactions printed in small type are of minor importance only, and 
may be passed over, or simply read through, if time is limited. 


Introductory Remarks. 

126. Object and Method of Chemical Aiialysis. — The 

study of chemistry has revealed the fact that eve^ substance 
consists either of one kind of matter only, or of two or more 
different kinds. Those substances which contain only one 
kind of matter are called Chemical Elements. Their number 
at present amounts to about seventy. A list, which com- 
prises most of them, is given at the end of the book (1173). 

These elements do not usually ofccur singly. Two or 
more of them are commonly fouild together either in a state 
of mere Mixture^ or united in a much more intimate manner 
in a Chemical Compound. 

It is the object of analytical chemistry to discover what 
element, elements, or sometimes what groups of elements or 
Radiclea, any substance of unknown composition contains. 
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But an analysis may also be undertaken in order to ascertain 
whether any particular element or group of elements is 
present in a given substance. 

An analyst should be acquainted with the properties of 
each element and of the compounds which it forms with 
other elements. EflSciency in analysis therefore depends in 
a large measure upon the knowledge of what is usually 
termed Theoretical Chemistry^ but may be more appropriately 
styled Descriptive Chemistry. 

For ordinary analytical purposes, however, certain marked 
properties or changes of each element, or group of elements, 
are selected ; and by these properties, called Tests or i?eac- 
tions^ its presence is detected. 

The tests or reactions which are most frequently selected 
depend upon the behaviour of a substance when it is heated 
under various conditions (105-II7), and upon its behaviour 
when it is mixed with certain liquid or solid substances (90). 

Such substances, when they are added for analytical pur- 
poses, are called Reagents. Some reagents serve for detect- 
ing one element or compound only, and are therefore called 
Special Reagents: others separate or detect a group of 
elements or compounds, and are called Group Reagents or 
General Reagents. 

127. Analytical Groups. — The metals are separated, by 
their behaviour with certain general reagents, into five prin- 
cipal Groups. Two of these Groups are further subdivided 
into two Subgroups. 

Each Group receives a distinctive name, which is derived 
either from its place in the system, or from some conspicu- 
ous or important member of the Group, or from the general 
reagent which is used to precipitate the Group. Thus we 
speak indifferently of the Fourth Group, of the Barium 
Group, or of the Ammonium Carbonate Group. 

It is perhaps well to avoid referring to a Group by its 
number, since different analysts number the groups differ- 
ently, and the number is therefore apt not to denote the 
Group with certainty. 
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At the beginning of the Fifth Section of this book (931) 
the Analytical Groups of the metals are tabulated ; and the 
distinctive number, name, and reagent, which are char- 
acteristic of each Group, are placed at the head of its 
column. The names and symbols of the metals contained 
in the Group are arranged vertically beneath this heading. 

128. Analytical Classification. — The chemical elements 
are frequently divided into two classes, Metals and Non- 
metals. These classes, with the following modifications, 
form convenient divisions for analytical purposes : — 

I. With the metals must be classed the hypothetical 
metallic-radicle Ammonium^ and the element Hydrogen, 

II. The non-metals, either singly, or in groups formed by 
their combination inter se or less frequently with a m^tal, 
unite with hydrogen forming acids, and with metals forming 
salts. The acids may be looked upon as the hydrogen salts 
of these non-metals or of these radicles. 

Thus Cl, SO4, PO^, MnO^, form the hydrogen salts or 
acids, HOI, H^SO^, H3PO4, HMnO^ ; and the metallic salts, 
KCl, MgSO^, NagPO^, KMnO^. Metal-hydrogen salts cr 
Acid salts, such as NaHSO^, Na3HP04, are also known. 

The general name Acid-^*adicle is conveniently applied to 
Cl, SO4, PO4, MnO^, and to similar elements or radicles. 
Some of these acid-radicles are elements, but most of them 
are unisolated Compound-radicles, The property which 
they possess in common is that of forming acids when they 
are combined with hydrogen, and of forming salts \yhen 
they are combined with a metal. 

c 

For analytical purposes, thei^ substances may be separated 
into the groups of Metals and Acid-radicles ; although certain 
elementary and compound substances cannot be included in 
this generally useful classification ; and certain non-metallic 
or metalloidal substances, as well as certain acid-radicles, are 
for analytical purposes conveniently classed with the metals. 
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The Analytical Reactions. 

129. Trying the Analytical Reactions. — In order to 
become fully acquainted with the behaviour of different 
substances with Reagents, and thus to be able to detect 
these substances by their Reactions, each of the reactions 
should be tried with the substance itself or with one of its 
compounds. The appearances which are presented are 
carefully observed and remembered, and the substance may 
then be easily recognised in a body of unknown composi- 
tion by means of these reactions or tests. 

The addition of a reagent to a substance causes some 
important and visible change to occur. This may be simply 
a change of colour, but it very usually consists in the 
formation of a precipitate. The colour, the appearance, or 
the behaviour of this precipitate with other reagents, is 
characteristic of a particular element or compound-radicle. 

As soon as a reaction has been satisfactorily performed, 
it should be briefly described in the note-book in a neat 
and concise manner. The nature of the chemical change 
which has occurred should then be explained by means of a 
phemical equation. 

130. Chemical Notation and Chemical Equations.— The entry in 
the note-book ef the chemical change, which occurs in an analytical 
reaction, involves the correct use of chemical symbols and formulae, 
and a right conception of the meaning of a chemical equation For 
full information on these matters a treatise on theoretical chemistry 
should be consulted. The few hints which follow will, however, 
serve to guide and guard a student, who has not had much experi- 
ence in the use of formulae and of equations. 

Chemical Notation. — Each element is represented by a Symbol, 
which consists of either one or two letters. Thus S stands for 
sulphur, Cl for chlorine. The Symbol also represents one Atom, of 
each element. When symbols are written one after another, they 
give the Formula of a compound substance. A correct formula 
shows what elements, and how many atoms of each of these elements, 
the compound molecule contains. 

Thus KGl stands for one molecule of potassium chloride, a com- 
pound of one atom of potassium and one atom of chlorine. PtC]4 
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stands for one molecule of platinic chloride, which consists of one 
atom of platinum combined with four atoms of chlorine ; since the 
small figure, placed heUm a symbol to the right, denotes how many 
atoms of that element are present. 

A number placed befm'e a formula multiplies each symbol in that 
formula. Thus 2PtCl4 signifies two molecules of platinic chloride, 
containing altogether two atoms of platinum and eight atoms of 
chlorine. If two or more symbols are included in brackets, any 
number placed outside the brackets, and either before or after them, 
multiplies each symbol which is contained in the brackets. 

Thus both Sr(N03)2 and Sr2(N03) are equal to BrNgOg. This may 
also be written Sr2NO„ since the multiplication by 2 extends to 
each symbol which follows, until a break occurs in the formula. 
Thus Sr2N03.4H20 would denote SrN20g.Hg04, if the multiplication 
were carried out. 

In the Seventh Section of this book (1173) there will be found a 
list of the names of the Chemical Elements, with their symbols and 
atomic weights ; also lists of the names and the corresponding 
fornfiulm of most of the compound substances which are referred to 
in the text (1160-1167).' 

Symbols and formulae are always used in the text instead of names. 
The corresponding names are entered when the symbol or formula 
is used for the first time. These names may also be found by re- 
ferring either to the lists mentioned in the preceding paragraph, or 
to the labels on the laboratory bottles. 

Rules for Drawing out a Chemical Equation.— The student will 
understand that a chemical equation is a Short statement of ascer- 
tained chemical facts, and that every equation which conforms to 
the general rules stated below is not necessarily true. For the 
special purposes for which equations are used in analytical reactions, 
however, the following rules will generally furnish true equations. 

Write down the formulae of the substances which are mixed to- 
gether, with the sign of addition ( + ) between them* Then write 
the sign of equality ( = ), followed by the formula of the precipitate 
or product formed. 

In most analytical reactions, a mutual exchange of certain elements 
or groups of elements, or a double decomposition^ occurs between the 
two compounds which are mixed. little consideration will there- 
fore'usual^'qhow how many molecules of these substances are re- 
quired to yield the formula for the precipitate or principal product. 
It will also be seen whether any other substance is formed at the 
same time ; and if is formed, its formula may be easily deduced. 

The number of atoms of any one element must always be the 
same on both sides of a correct equation. 
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Applying the above rules to the first test for potassium ( 141 )) we 
get 

KCl + PtCl 4 =K 2 PtCl 6 . 

This statement is obtained by merely placing together the formulae 
ot the substances mixed and of the precipitate formed. 

It is evidently not correct, since there are two atoms of K on the 
right-hand side, and only one on the left ; also six atoms of Cl are 
found on the right, and only five on the left. But this inequality is 
at once removed if we place 2 before the KCl, thus — 

2 KCl + PtCl 4 = K 2 PtCJ 6 . 

Evidently if the above equation is correct, the precipitate is the only 
substance formed, since the number of atoms in the substances on the 
left-hand side is exactly equal to that in the substance on the light. 

Take now the first test for Ba (170). Our tentative statement is : — 
BaCl .2 + Am.jCO -BaC^ + 

But here the left-hand side contains Amg and CI 2 more than the right. 

The equality is easily restored thus : — 

BaCl + AmgCO^ = BaC07+ 2AmCl. 

This equation states that when barium chloride (BaCl^) and 
ammonium carbonate (AmgCOj) are mixed together, barium car- 
bonate (BaC 02 ) and ammonium chloride (AmCl) are obtained. 

131. Abbreviations employed for Entry in the Note- 
book. — For convenience in hasty writing, it is not uncommon 
to employ abbreviated formulae for the compound radicles. 
This is more especially the case with those radicles which are 
constantly met with, and with those which have a complex 
composition. 

Only such abbreviations are employed in the text as save 
the use of brackets or of numbers. Thus Am, is a short 
rendering of (NH4),, and Hog of HgOg or of (HO)g. 

The following abbreviations may be used ; — 

Am for (NH4), the metallic-radicle ammonium. 

~T „ (C^HPg), the acid-radicle of tartrates. 

~A „ (CjHjO,), the acid-radicle of acetates. 

Gy „ (ON), the acid-radicle in cyanides. 

„ (FeCyg), in ferro- and ferricyanides. 

Ho „ (HO), the radicle occurring in hydroxides. 
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The “ hydrate ” of a metal is preferred to hydroxide ” 
for reasons of brevity rather than for theoretical correctness. 

The formulae K^FeOy^, FeOlg, As^Og are frequently em- 
ployed in place of the more complicated formulae Kg (FeCyg)jj, 
Fe,01g, and Aa^g. 

The following contracted words are also used : — 


expt» 

for 

experiment. 

insol. for 

insoluble. 

pp. 

1 * 

precipitate 

„ 

solution. 

pp\ 

a 

precipitation. 

cryat"^ „ 

erystalline. 

piA 

>» 

precipitated. 

col^*. „ 

coloration. 

80I. 


soluble. 




132. Entry of Analytical Reactions. — An example is 
given below of the entry of the reactions in the Note-book. 
It will be seen that a systematic method is observed in writ- 
ing out the equations. On the left-hand side of the equation 
the formula of the substance upon which the reaction is being 
tried is written first, then follows the formula of the reagent 
which is added. On the right-hand side of the equation, 
the formula of the precipitate or principal product is entered 
first, with a line drawn over it by way of distinction ; then 
follows the formula of each substance which is formed at 
the same time. 

In the subsequent reactions, the formulae of the sub- 
stance used, of the reagent added, and of the precipitate 
produced, will always be given. These data are generally 
sufilcient to enable the student to form the equation. The 
equation will only be given in full when it is exceptionally 
difficult or complicated. 

The following example of the brief entry of reactions in 

the Note-book has been selected from paragraphs 141-144. 

( 

Potassium (K).— Used KCl. 

\, Pt Cl ^ \ stirred on watch-glass: yellowcryst»® pp.,sol in m uch wa ter 
and in KHO, insol. in alcohol : 2KCl + PtCl 4 = K2ri01g. 

2. NaJiT well shaken in a test-tube: white cryst^® pp^sol. in 
water, in KHO, and in HCl : KCl + NaHT=KHT+NaCl. 
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8. Flame coPk : pale lilac, crimson through the indigo-prism ; a red 
and a faint violet line at the extreme ends of the spectrum. 

4. Heated in tube or on iilcdinmn foil . solid KCl melted, but gave no 
fumes : hence it was not volatile. 

133. Directions for Trying the Analytical Beactions. 

1 . A solution of the substance, the reactions of which are 
to be tried, must always be employed, unless it is specially 
stated that the solid is required. This liquid is often called 
the original solution. The solid substance is usually only 
required for blowpipe reactions. 

A solution may be kept in readiness, or it can be easily 
made by warming the solid with water or with dilute acid 

(1163, 1164). 

2. Pour into a test-tube or small beaker about twenty cubic 
centimetres of the solution of the substance ; this constitutes 
the ‘‘^original solution.” If the solid substance is also required, 
take some of it upon a watch-glass and powder it finely. 

3. Pour a little of the original solution into a perfectly 
clean test-tube and add the first-mentioned reagent to it. A 
fW drops only of the reagent should be added at first ; 
more can be gradually added afterwards if necessary. 

The habit of working with small quantities both of solu- 
tions and of reagents must be acquired from the first. 

In trying each of the reactions a separate portion of the 
original solution is to be taken. 

4. Before trying a reaction, the student should carefully 
read through the whole of the description of the results to be 
obtained. The experiment is then to be performed, literally 
following out the directions given. 

It is a necessary condition of after success that each 
result should be obtained precisely as is stated in the text. 
The student must never on any account pass on without 
being satisfied that the statements of the bwk are true, and 
that he could at any time repeat the test successfully. 
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5. The water used for the tests and reactions must 
always be distilled water, * 

The acids are to be used in a dilute condition, unless it is 
stated that the strong acid is to be employed. 

In all cases KHO and NaHO may be used indifferently 
the one for the other. 


General Kules for Working. 

134- The student should attend carefully to the following 
rules. Their observance will materially aid the progress 
and accuracy of his work. 

1. Before commencing work, look through the reagent 
bottles belonging to the working bench (ll6o). Keplace 
any which are absent, and see that the bottles are arranged 
in the order shown by the numbers on the labels. Then 
proceed to fill any which are empty, and to relabel any 
whose labels are imperfect or loose. Also filter any of the 
liquid reagents, which are not quite clear when they are 
shaken up. 

2. Arrange the apparatus, which is required for use, on 
the back part of the bench, so as to leave the front of the 
bench free to work upon. This will lessen the risk of up- 
setting anything. (See Frontispiece.) 

3. All dirty glass and porcelain, which is not m use, should 
then be carefully cleansed. This ought to be unnecessary, 
since apparatus should never be put away dirty. 

4. When a reagent-bottle is to be used, take it in the right 
hand ; remove the stopper by graspieg it between two of the 
fingers, or between the fourth^ finger and palm of the left 
hand ; hold the stopper in this way while the bottle is being 
used; then replace it immediately, and return the bottle 
to its place. 

5. Pour a liquid reagent out of the side of the bottle 
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opposite to that which bears the label ; and prevent the last 
drop of the liquid from running down the outside, by touch- 
ing the lip of the bottle either with the stopper, or against 
the clean edge of the vessel. 

6. Solid reagents should be taken out of the bottle on a 
clean knife-blade or horn spatula, or with a slip of clean 
card -board or paper. 

7. Each bottle must he restoppered and replaced on the shelf ^ 
in its proper place and with the label outwards^ immediately 
after use ; it must never be left standing on the working-bench. 

8. If a solution or precipitate has to be put by for some 
time before it undergoes further examination, it should 
always be labelled * a piece of gummed paper may be 
attached to it, bearing either an inscription, or a reference 
number which is explained in the note book and which is 
sufficient to recall to mind what the solution or precipitate 
consists of. It is well never to trust to memory in this matter. 

It will be found to be unadvisable as a rule to leave a 
cipltate thus, since it is apt to dry or to undergo oxidation. 

9. It should be remembered that if brass crucible- tongs 
are employed for holding hot evaporating basins containing 
acids, some of the brass is apt to be dissolved and thus 
introduced into the solution. A hot dish may be moved 
either by holding it with a cloth, or by lifting the stand 
upon which the dish is placed. 

10. Liquids only should be poured down the sinks. All 
solid refuse, such as soiled filters, broken glass, and pieces of 
charcoal, should be thrown into a receptacle which is placed 
in an accessible positiop. 

11. When a substance is feeing examined in order to find 
out its composition, the student should fully write down in 
the note-book each test or process, with the result obtained, 
as soon as it is completed. The analysis is thus written out 
gradually as it progresses. On no account must the entry of 
the results be left until the completion of the analysis. 

8 
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This rule cannot be too strongly enforced, as neglect of it 
always causes uncertainty and confusion. The most con- 
venient form of entfy is that of the Analytical Tables. 

12. Cleanlinees and neatness in analytical work cannot be 
too carefully attended to. More confusion and error may 
be caused by using dirty test-tubes, beakers, dishes, and 
funnels, than would be thought possible by the beginner. 
Work should also be rendered as systematic as possible, in 
order to economise time and thought. 



SECTION IV.— PART IL 


ANALYTICAL REACTIONS FOR METALS. 


In trying through the reactions for the Metals the usual order of 
the Analytical Groups has been reversed, because the most simple re- 
actions occur in the last Groups and these are therefore better 
suited for a beginner. 

Occasionally non-metallic or metalloidal elements are associated 
with Metal Groups for the purposes of analytical classification. 

The reactions of the Rarer Metals belonging to each Group are 
entered in small type at the end of the Group. 

Reactions printed in small tyi)e may be omitted, but they should 
be carefully read through. 

A Table will be found in paragraph 1172, which contains the names 
and chemical formulae of the more commonly occurring natural 
minerals, in which the different metals and acid-radicles are present. 


GROUP V.—THE POTASSIUM GROUP. 

140. This Group includes K, NH^, Na, Mg, together with 
the rarer inetals Li, Rb, Cs (164-168). 

The members of this Group are not precipitated from their solu- 
tions by any Group-reagent, 


Potassium (K). — Use Potassium chloride, KOI. 

141. Platinum chloride, Pt0l4, if it is added to some of 
the KOI solution on a watch-glass, and stirred gently but 
persistently with a glass rod, gives a yellow crystalline 
precipitate (K^PtOlg) ; this precipitate forms first along the 
lines where the rod has rubbed the glass. 
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Stir up the precipitate and pour off the liquid with the 
precipitate into three test-tubes. 

To one of these portions add much distilled water and 
heat, the precipitate will dissolve. To another part add 
alcohol, the precipitate will not dissolve. Hence this preci- 
pitate is soluble in water and insoluble in alcohol. 

By warming the third portion with solution of potassium 
hydrate (KHO), the precipitate is shown to be soluble in 
that liquid. 

Remarks. — Since this precipitate is soluble in alkalies, a liquid, to 
which this test has to be applied, should always be made neutral or 
faintly acid before PtC^ is added. It is always well to acidify the 
liquid with dilute HCl, and to make sure by test-paper that it is 
slightly acid in reaction {io2). 

Further, since the precipitate is less soluble in alcohol than in 
water, the addition of alcohol often hastens the formation of the 
precipitate in dilute solutions. 

Owing to the solubility of the precipitate in water, very dilute 
solutions must be evaporated nearly to dryness and cooled before 
the test is applied. 

142. Sodium hydrogen tartrate, NaHT, if it is added 
to some of the KOI solution in a test-tube, gives a white 
crystalline precipitate (KHT). The precipitate usually 
appears only when the tube is well shaken for some time, 
after the mouth of the test-tube has been closed with the 
thumb. 

Shake up the precipitate, and pour it off with the liquid 
into four test-tubes. 

Add to three of these different portions, water, KHO, 
and HCl respectively ; on being shaken or warmed with 
each of these liquids, the precipitate will dissolve. 

To the fourth portion add alcohol ; the precipitate will 
not dissolve^ 

Remarks. — When the above test is used for the detection of potas- 
sium, the precipitate will not be obtained at once in dilute solutions ; 
but its formation is much hastened by the addition of alcohol. 
Very dilute solutions must first be concentrated by evaporation. 

The solution to be tested should be neutral or feebly alkaline in 
reaction. If it is strongly acid in reaction, the free acid should be 
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neutralised by the addition of sodium carbonate (NaaCO^) solution ; 
or, if the acid is volatile, it may be removed by evaporation, 
Feebly-acid solutions may be at once mixed with NaHT. To an 
alkaline solution, tartaric acid (H./T) .<«hould be added until the 
reaction of the liquid is strongly acid. 

143. Flame'Coloration (112). — Dip a loop of platinum 
wire, which gives no colour to the flame, into some strong 
KOI solution j or moisten the wire, and dip it into some 
finely powdered KOI : then hold the loop in the flame. 
A pale-lilac or lavender coloration will be seen, if the KOI 
is pure. Even if the flame appears yellow to the naked eye, 
it will always become deep crimson when it is viewed 
through the thicker parts of an indigo-prism (Exp. 93, II2). 

The flame-coloration, due to potassium, shows in the spec- 
troscope a red line (a) and a faint indigo-blue line (/3) at the 
extreme ends of the spectruha (fig. 68 , II6). A faint con- 
tinuous spectrum is also visible. 

144. Heat a little Solid KOI in a small dry test-tube ; 
or powder it finely, and heat it on a piece of platinum-foil. 
The KOI will melt, but it will only produce slight white 
fumes when it is heated very strongly. This proves that 
potassium salts are very slightly volatile even at a bright 
red heat. 

The fused residue is often transparent and invisible ; but 
its presence may always be detected by a slight crackling 
being heard, during the cooling of the foil or of the test-tube. 


Ammonium (NHJ.— JJse Ammonium chloride, 
NH4OI or AmOl. 

145. Potassium hydrate, KHO, if it is poured in excess 
into some of the solution, or upon the solid, and heated, 
causes ammonia gas to be given off : 

NH^Cl -b KHO =. NH 3 + KOI -b H,0, 
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The ammonia is recognised : 

(a) By its pungent smell, which is that of common smdU 
ing salts. 

(b) By turning moistened red litmus-paper blue, or tur- 
meric-paper brown. 

Wet a small piece of the test-paper with distilled water, 
and place it upon the end of a glass rod. Then hold the 
rod in the test-tube, taking great care not to bring it into 
contact with the liquid or with the sides of the tube. The 
change of colour mentioned above will take place. 

(c) By yielding white fumes with an acid gas or vapour. 
Hence if a glass rod or stopper, wetted with strong HOI, 
HNO3, or HA, is held over the mouth of the test-tube, 
dense white fumes will be seen. 

146. Platinum chloride, Pt®!^, when it is stirred on a 
watch-glass with some AmOl solution, gives a yellow 
crystalline precipitate (Am^PtClg). 

This precipitate is soluble in water and in KHO solution, 
but is insoluble in alcohol. If it is boiled with KHO, 
NHj is evolved, and it is distinguished in this way from 
the similar potassium precipitate, K^PtClg. The remarks 
in small type in paragraph 141 apply to this reaction also. 

147. Sodium hydrogen tartrate, NaHT, \|^hen it is 
shaken for some time in a test-tube with Am Cl solution, 
gives a white crystalline precipitate (AmHT). 

This precipitate is soluble in water, in KHO, and in 
HCl, but is insoluble in alcohol. The remarks in small 
type in paragraph 142 apply to this reaction also. 

I48« Flame-Coloration. — Purd AmOl gives no flame- 
coloration. But since ammonium salts almost invariably 
contain a trace of sodium, they usually impart a yellow 
colour to the flame. 

149* Heat a little Solid AmOl on a piece of platinum- 
foil, It will ho converted into vapour and will produce 
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copious white fumes. These fumes are best seen when the 
foil is removed for a moment from the flame. The solid 
at last entirely disappears, showing that AmOl is completely 
volatile. 

Repeat the experiment by heating a small piece of solid 
AmOl in a dry test-tube. The solid can be completely 
volatilised, and its vapour condensed as a white coating or 
sublimate on the upper pait of the tube. 

Some ammonium salt-, buch as the carbonate and the nitrate, are 
decomposed by heat into gases ; they are therefore volatilised with* 
out producing white fumes or a sublimate, 


Sodium (Na). — Use Sodium chloride, NaCl. 

150. Flame-Coloration. — NaCl gives an intense yellow^ 
colour to the flame. The colour is either invisible, or appears 
only pale blue, when it is viewed through the indigo-prism ; 
it never shows the slightest tinge of red when it is seen 
through the thicker parts of the prism* 

When the sodium coloration is examined by a small 
spectroscope, it gives a single yellow line o (fig. 116). 

The yellow cjoloration of the flame which is produced by sodium is 
usually readily seen, even in the presence of other flame-colorations, 
since it is not^ easily masked. In any case the yellow spectrum line 
may always be detected, even when mere traces of sodium are present. 

If both potassium and sodium are present, the potassium colora- 
tion is usually unseen, and the yellow coloration of sodium alone is 
visible. But when the flame is viewed through the indigo-prism, the 
crimson coloration of potassium is at once seen (xxa, Esrp. 93). 
The lines of Na and K ma^p also be distinctly separated from one 
another by means of the Spectroscope. 

151. Heat a little Solid NaCl in a dry test-tube or on 
platinum-foil. It will melt without producing white fumes, 
and will give slight fumes only when it is heated very 
strongly, showing that NaCl is very slightly volatile even 
at a bright red heat. 
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Magnesium (Mg). — Use Magnesium sulphate, 
MgS0,.7H,0. 

The THgO in this formula represents the water oj crystallisation, 
which is always present in the solid state in the crystallised salt. 
Water of crystallisation is entered in this way throughout the book. 

152 . Add Ammonium chloride (AmCl), then Ammonium 
hydrate (AmHO), and then Sodium phosphate, NajHP 04 : a 
white crystalline precipitate (MgAinPO^.GHgO) will form: — 

MgSO^ + AmHO + Na^HPO^ = MgAmPO^ + Na^SO^ + H,0. 

If much water is present this precipitate will form only 
when the liquid is warmed, or is well stirred or shaken. 
It is soluble in HCl and in other acids, but is insoluble 
in AmHO. 

153. Potassium hydrate, KHO, gives a white precipitate (MgH202), 
which is readily soluble in acids. 

X54. Ammonium hydrate, AmHO, gives a white precipitate 
(MgHoOj) : but if AmCl is added before the AmHO, no precipitate 
is produced, 

155. Ammonium carbonate, An^COs, gives a white precipitate 
(MgCO,), but only in strong solutions and on standing for some 
time. The previous addition of AmCl prevents the<^ formation of 
this precipitate. 

156. Flame- Coloration. — Pure MgS04 solution gives no colour to 
the flame. 

157 . Blowpipe-test. — If a little solid MgSO^.TH^O is 
placed in a small cavity on a piece of wood-charcoal, and is 
then heated in the tip of the outer "hlowpipe-flame (lio), 
it will shine brightly and will give a white unmelted mass 
of MgO. No white fumes will be given off, since MgO is 
not volatile. 

If this white mass is allowed to cool and is moistened 
with several drops of cobalt nitrate solution, and is then again 
heated to whiteness for some time in the outer blowpipe- 
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flame, it will assume a delicate pink colour* This colour will 
be readily seen when a piece of white paper is held near the 
cold residue on the charcoal. 


Detection of One Metal in Group V., when it 

OCCURS ALONE, 

TRe Detection of a Single Metal leads the beginner by easy stages 
to the detection of metals in the presence of one another. But the 
directions for the detection of a single metal, which follow the re- 
actions in each Group, and the whole of Section V. which is con- 
cerned with the Analysis of Simple Salts, may be omitted if time 
must be saved. 

After the student has carefully worked through the re- 
actions for the metals in the Fifth Group, he should proceed 
to apply the experience, which he has thus acquired, to the 
detection of one metal belonging to this Group. 

For this purpose a salt which contains only one of these 
metals should be supplied; and separate portions of the 
salt, or of its solution in water, should be subjected to the 
tests which are given in the first column of the following 
Table of Differences (l6o). 

158. Explanation and Use of the Table of Differences. — 

A glance at this Table (160) will show that those tests have 
been selected, which serve to distinguish the metals of this 
Group from one another. The order in which the tests are 
placed is that which will best serve this object. 

It will be evident that it is never necessary to try the 
whole of the tests upon any one substance. The presence 
of the metal, when it has been detected by one test, should 
however be confirmedL by another test selected for that 
purpose. The third and fqurtl^tests are also manifestly 
alternative ones, the use of NaHT being generally preferred 
to that of PtCl^ for economical reasons. 

A selection is made from the first four tests in examining 
a liquid. A solid substance should be first subjected to the 
fifth and sixth tests ; and a portion of the solid should then 
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be dissolved in water and the solution examined by the 
earlier tests. 

As each test is made, the result which it yields is care- 
fully observed. Occasionally no change is noticed ; this is 
indicated by a blank in the column to the right. If any 
result is noticed, it is looked for in the columns to the right ; 
it will indicate the presence of that metal, which heads the 
column in which the result stands. 

Sodium is seldom entirely absent from any substance. 
The quantity present may be judged from the intensity of 
the yellow flame-coloration. Unless the coloration is very 
intense, the presence of a trace of sodium should be noted 
down, and another metal should be looked for. 

The student will naturally take advantage of the aid 
afforded by the spectroscope in examining the flame-colora- 
tion (113-I17). 

Several simple unknown sclts of the metals of Group V. 
should be examined by the Table (160), and the results 
obtained, together with the inferences drawn, should be care- 
fully entered in the note-book. 

159. Example of Entry in the Note-Book : — 

A solid white substance was given to be tested for one metal in 
Group V. 


Test 

Observation. 

Inference 

1 Heated in an ignition- 
tube. 

Substance fused, but did 
not volatilise. 

Absence of 1 .H 4 . 

2. Heated oji charcoal in 

1 the blowpipe-flanie 

Substance fused, and 
sunk into the charcoal 

Presence of K or Na 

Dissolved part of the sub- 
sta'nee in wcUer 

s 


3. Held a drop on a plat- 
inum-wire loop in 
the flame. 

A pale lilac flame colora- 
tion, which appeared 
crimson through the 
indigo-prism. 

Presence of K. 

4. Stirred a little of the 
solutiuii with a few 

A yellow precipitate 
formed. 

Presence of K. 

drops of PtCU on a 
watch-glass. 


Found K, 
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i6o. Group V.— Table op Differences. 


Tests. K-salts. NHi-salts. Ke-^iAlts. 



I For tolidt only. 

ft. Heat to red- Non'TolatUe, iui> Volatile; the rob* Von*yolatUe, un* NoB*TOlitUa. 
ness In a dry lesst heated to stance passes, less heated to 

test-tube, or on bright redness at least partial- bright redness 

platinum foil : ly, Into vaponr 

I It usually glyei) 

white fumes, 
and forms a 
sublimate in 
tiie upper put 
of the tube. 


8 Heat strongly Easily fusible, Volatile, glUnp Easily fusible, White Infusible 
on charcoal in sinking into the off white fumes sinking into! ho residue is left, 

the outer blow* charcoal, and charcoal, and which If moist- 

plpO'fl^e: colouring the * colouring the ened with 

flame pale Ulnc, , Co(NO>j, solu- 

(See 2.) ^ yellow. (SeeSO tion and re- 

heated becomes 
pink. 
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Detection op Metals in Group V., when 

THEY OCCUR TOGETHER. 

Paragraphs, the numbers of which are marked with an asterisk (♦), 
may be omitted by students who are learning the analysis of Simple 
Salts only. 

161. * When more than One Metal of the Fifth Group is 
present in the substance to be examined, the possibility of 
interference in the reactions arises. It should be remem- 
bered, however, that — 

1. may always be detected by the evolution of NHg 
when the substance is boiled with KHO solution. 

2. Na can always be found by its yellow flame-coloration. 

3. Mg is indicated with certainty by its precipitation by 
KHO solution, and by Na^HPO^ in the presence of AmCl 
and AmHO. 

4. K may always be found by the flame-coloration appear- 
ing crimson when it is viewed through the indigo-prism, or 
by the red line in its spectrum. 

5. The test for K by means of PtCl^ or NaHT is onty 
conclusive in the absence of NH^. If NH^ is present, its 
salts must be removed by ignition, before K can be tested 
for by precipitation. 

162. * The student should proceed to examine by the 
following Table (163) several solutions of unknown com- 
position, containing two or more metals of this Group. 
Only one of the observations which are recorded against each 
test will be made. In future Tables the bracketed para- 
graphs, which concern the absence *of the metals, will be 
omitted ; but the student should invariably enter his nega- 
tive reaulti^ together with the inferences which he draws 
from them. \ 

The experikpents, observations, and inferences should be 
entered in thh note-book fully in the form shown in the 
Table (163). 
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163 .* Table for testing for Mg, K, Na, in a 


SOLUTION WHICH MAT CONTAIN ALL OP THEM. 


Experiment. 

Obsenation 

Inference. 

I. Add to a small pait of 
the solution AmCl, then 
AmllO and Na2HP04, 
shake well and allow 
to stand if no pi ecipltate 
appears at once 

1 A white precipitate 
forms 

[2 No precipitate appears] 

Piesence of Mg. 

[Absence of Mg 1 

II. Dip a small loop of 
clean platinum wire Into 
the solution, and hold It 
neai the top of the 
Bunsen-flame. 

1 A yellow flama 

Look at the yellow flame 
through the Indlgo- 
pilsm, a cilmson red 
coloui is seen. 

Presence of Na, possibly 
also of K. 

Presence of K. 


2 . A pale lilac flame, ap- 
pearing crimson led 
when seen thioiigh the 
Indlgo-prtsm 

Pretence of K and absence 
ofNa. 

1 

[8 No colour Is imparted 
to the flame j 

[Absence of K and Ka.] 

III Boll some of the solu- 
tion in a test-tube with 
KHO solution, and ti} 
wlietlier NHi is given 
off by smelling; or If It 
cannot be smelt, by test- 
iLg with moistened tur- 
meric-paper or stiong 
HCl. 

1 . NH3 gas is smelt, or 
the tunneric becomes 
bi own, and white fumes 
are obtained with HCl 

[2 No NHa is smelt, and 
the tui mei Ic-papei does 
net become blown, 
reithci aie white fumes 
olaained with HCl 

Piesence of NH 4 . 

[Abience of NH 4 .] 


IV. A confirmatory test for K may be made by addinf? PtCli or NaHT If 
Exp III has shown that NH 4 Is piesent, pioceed to test for K by column A; If 
NH4 Is absent, test for K by column B (Ibl, 5 ), 

Z B 

Boll some more of the solution down Pour a little of the solution upon a 
to dryness in a porcelain dish, scrape watch-glass, add PtCl4, and stir weil: a 
out the white substance left in the dish, yellow precipitate '^Prrsence of K, 
and lieat it strongly on a piece of plati- If no precipitate foims, K may never* 
num*foil as long as any white fumes are theless be piescnt, the solution being too 
seen to be given off when the foil is dilute to allow the precipitate to form; 
taken out of the flame for an Instant, therefore pour some of the solution into 
Place the foil when cold in a test-tube, a porcelain dish, boil down nearly to diy- 
and boil it with very little water, to ness, cool and test this liquid by stirring 
which a diop of dilute HCl has been it with PtCl4 on a watch-glass, adding 
added, and evaporate to seveial drops; alcohol if the pi ecipltate does not appear 
cool the liquid, and pour it out ppon a at once : a yellow precipitate i^Premce 
watch-glass, add a little PtCl4, and stir 0/ K, 

well , ilTofe.— Addition of alcohol willJrequently 
A yellow precipitate iVsience o/K. produce the precipitate without eva- 
poration. ^ 
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Reactions of the Rarer Metals in Group V. 

The rarer metals included in this Group are Li, Rb, Cs. 

Lithium (Li). — Use Lithium chloride, LiCl. 

164. Li occurs frequently in mineral waters and in the ashes of 
plants, also in small quantities in the minerals lepidolite, triphane, 
and petallite 

It is allied to the metals of the Barium Group by the difficult solu- 
bility of its carbonate and phosphate ; and it differs from K and 
NH4 by not being precipitated hj PtCl4 or by HgT ; from Na it is 
readily distinguished by its flame-coloration and spectrum. 

LiOl may be separated from KCl and NaCl by its insolubility in a 
mixture of absolute alcohol and ether. 

165. Sodium Phosphate, Na2HP04, if it is added to the solution, 
which must not be too dilute and must be made strongly alkaline 
with NaHO, will give, on boiling, a white crystalline precipitate 
(Li3P04) which settles quickly. Traces of Li may be precipitated by 
adding Na2HP04, and then NaHO until the liquid remains alkaline, 
evaporating to dryness and washing the residue with dilute AmHO. 

This precipitate may be distinguished from the phosphates of Ba; 
Sr, Ca, and Mg by heating it on charcoal in the blowpipe-flame, 
when it will readily fuse and be absorbed by the charcoal support. 
The diluted cold solution of Li3P04 in HCl also gives no precipitate 
when AmHO is added in excess, but a white crystalline precipitate 
forms when the liquid is boiled. 

¥ 

166. Flamh-Goloration : this is carmine-red ; the spectrum (flg. 68, 
1 16) consists of an intense carmine-red line (a). 

The flame-coloration is concealed by that of Na, but the presence 
of Na does not interfere with the spectrum. The Na-ooloration is 
removed if the flame is viewed through the thinner parts of the prism. 

The lithium flame -coloration differs from that given by K by 
being either unable to penetrate the thick layers of indigo-solution, 
or by being much lessened in intensity by passage through the indigo. 

Lithium silicate only gives the flame -coloration after it has 'been 
fused with CaS04 ; lithium phosphate requires to be first moistened 
with HOI. 


Rubidium (Rb), C.£BIUM (Cs).— Use RbOl and CsCl. 

Z67. The metals Rb, Cs occur in small quantities in some mineral 
waters and in a few minerals. 

The compounds of Rb and Cs resemble those of K by being 
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precipitated by PtCl4 and by H2T, and by giving a flame-coloration 
similar to that of K 

These metals differ from K by the greater insolubility in water 
of their platino-chlorides. KaPtClg can be dissolved away from 
RbgPtClg and CsgPtClg by boiling the precipitates with successive 
small quantities of water The alums also show a similar difference 
in solubility in cold water. 

168. Flame- Colorations.— The flame-colorations given by these 
metals are not distinguishable from that given by K. Cs and Rb 
are, however, readily distinguished from one another and from 
other elements by their spectra (fig. 68, 116). The blue lines (a, j 3 ), 
given by Cs, are especially distinct and characteristic. In the Rb- 
spectrum the indigo-blue lines (a, fi) are very distinct, but the red 
lines (y, 5 ) are most characteristic. The chlorides are the most 
suitable salts for the spectroscope test. 


Detection of Li, Rb, Cs in Analysis. 

The metals Id, Rb, Cs are most readily detected in this Group by 
means of their spectra. 

For the detection of these metals in the 01 dinary course of analysis 
refer to the fifth column of the Table in paragraph logo. 
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GROUP IV.— BARIUM GROUP. 

169. This group includes Ba, Sr, Ca. 

These metals differ from those of Group V. by being precipitated 
from their solutions as carbonates by ammonium carbonate, and as 
oxalates by ammonium oxalate, in the presence of ammonium 
chloride. They are not precipitated by any other Group-reagent. 


Barium (Ba). — Use Barium chloride, BaClj.2IIgO. 

170. Ammonium carbonate, Aim^COs, added after AmOl, 
causes a white precipitate (BaCOj), This precipitate is at 
first flocculent ; but it slowly shrinks in volume and becomes 
crystalline, if the liquid which contains it is gently heated 
and is then allowed to stand. Prove that this precipitate is 
soluble in acetic acid (HA). 

171. Calcium sulphate, CaSO^, or Sulphuric acid, H^S 04 , 
causes a heavy white precipitate (BaS04), which is insolubje 
in HOI even when the liquid is boiled. 

172. Potassium chromate, E^Cr 04 , added after some 
HA, produces a yellow precipitate (BaOrP4) which is 
soluble in warm HCl, but differs from SrCr04 by being 
insoluble in warm HA. 

X73. HydrofluosiUcio acid, KfiiFg, produces a semi-transparent 
precipitate (BaSiF^). The precipitate does not appear in dilute 
solutions until after sometime ; its format ion is hastened by boiling, 
shaking, or stirring the liquid, or by adding alcohol. H2SiFe yields 
no precipitates with solutions containing Sr or Ca. 

Z74. Ammonium oxalate, Am2C204, produces a white precipitate 
(BaCA). 


175* Flame-Coloration : Bad, gives a yellowish-green 
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Colour to the flame, which is visible through the indigo- 
prism. 

The barium-spectrum (fig. 68, Ii6) consists of a number 
of lines, the most characteristic of which are three green 
lines, a, y. 


Strontium (Sr). — Use Strontium nitrate Sr(N03)2.4H^0. 

176. Am^COg, added after some AmCl, gives a white pre- 
cipitate (SrCOj), which is soluble in HA. This precipitate 
is fiocculent at first ; but it gradually becomes crystalline and 
shrinks very considerably at ordinary temperatures, and 
more rapidly when it is heated. 

177. CaS04, or H^SO^, gives a white precipitate (SrSO^). 
This precipitate does not usually form in a cold solution at 
once, but only after some time. The precipitate, however, 
appears at once when the liquid is boiled. 

178. K2Cr04, added after some HA, causes no precipitate, since 
SiCr04 is soluble in HA. 

179. produces a white precipitate (SrC204). 

180. Flame-Coloration : crimson-red ; this colour appears 
intense red through the indigo-prism, unless the flame-colora- 
tion is very faint. 

Thestrontiam-spectrum contains many lines (fig. 68, II6). 
The most characteristic are the orange line (a), the red lines 
(/3, y), and the blue line (5). 


Calcium (Ca). — Use Calcium chloride, CaOl3.6HjjO. 

181. AmgOOj, added after AmCl, gives a white precipitate 
(CaCOg) which is soluble in HA. This precipitate is floccu- 
lent at first ; but it shrinks considerably and becomes crystal- 
line after a time, more rapidly when it is gently heated. 

9 
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182. 0aS04 : no precipitate, even when the liquid is 
allowed to stand, or is boiled. 


183. H,S04 : a white precipitate (CaSOJ forms at once in 
strong solutions, and often in weak solutions when they are 
boiled ; but some CaSO^ will always remain dissolved, since 
it is not quite insoluble in water. 

Prove this by boiling the liquid which contains the preci- 
pitate, and then filtering it. Then keep adding AmHO to 
the filtrate and stirring it, until a drop of the solution turns 
turmeric-paper brown and the liquid smells of Then 

add Am^OgO^ ; a white precipitate will form, showing the pie- 
sence of Ca (185) which must have been dissolved as CaSO^ 

184. K2Cr04 : no precipitate. 

185. Am^CjjO^ : white precipitate (CaC^O^), soluble in most 
acids, but insoluble in HA and in oxalic acid (H2C2O4). 


186. Flame-Coloration: yellowish-red. When this colora- 
tion is viewed through the indigo-prism it does not appear 
red^ and differs in this respect from that given by Sr. 

In the calcium-spectrum (fig. 68, 1 16) the most character- 
istic lines are the green line {^) and the intense orange 
line (a). 


Detection of One Metal in Group IV., when it 

OCCURS ALONE. 

l 87 - The following Table of DiJferences will serve to 
detect a single metal in Group IV., when all other metals 
are absent. For an explanation of the method of using the 
Table, vthe remarks on the use of the corresponding Table 
for Gr^p V. may be consulted (158)* 
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Group IV. — Table op Dippkrbncbs. 

The first three tests only need be used for the detection of a member* 
of this Group when it occurs by itself in solution : the liist test seives 
also for solids. 

The flame-coloration obtained in Exp. 1 should be examined by the 
spectioscopc. 


Tests 

La —salts 

Sr— salts. 

Ca — salts 

1 Flame-colora- 
tion : 

Grccmsh-yellow. 

Intense ciimson, 
appearing ci tin 
8071 through the 
uidigo-prisra. 

Yellowish - red, 
nut appearing 
led through 
the iiidigu- 
pi ism 

2 CaS04 added 
to the cold 
solution : 

3 K 2 Cr 04 added 
after HA : 

An immediate pie- 
cipitate. 

Light yellow pre- 
cipitate 

A precipitate ap- 
pealing only afier 
a short time, or 
imimdiately on 
boiluig. 

No precipitate 
even on boil- 
ing 



[4 H^SiPeadded 

White precipitate 




•* 

5 . H3SO4 added 
in excess and 
boiled : 

Entirely precipi- 
tated as BaS04. 

Entirely precipi- 
tated as SrS04 

Partially pre- 
cipitated as 
CaS04 (183) 


Separation And Detection op the Metals in Group IV., 

WHEN THEY OCCUR TOGETHER, 

l88. * The following Differences presented by the solu- 
tions of these metals are made use of : — 

1. Their different flame-colorations, which are examined 
if necessary through the indigo-prism and by means of the 
spectroscope. 

2. The difference in the behaviour of their solutions with 
CaSO^ solution, which at once indicates the presence cnt 
absence of Ba, or of Sr in the absence of Ba. 
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3. The insolubility of BaCrO^ in HA, and hence the 
possibility of separating Ba, if present, by adding HA and 
then K^OrO^. 

4 . The fact that Sr, but not Oa, can be precipitated by 
CaSO^ on boiling. This reagent will therefore indicate the 
presence of Sr in the absence, or after the separation, of -Ba. 

5 . The complete precipitation of Sr, if present, by boil- 
ing the solution with II^SO^ ; sufficient CaSO^ still remain- 
ing in the filtrate, to give a precipitate on the addition of 
Am^CgO^ and of AmHO in excess. 

189.^ A Solution which has to be Examined for Ba, Sr, 

and Oa, and which can contain only these substances, is first 
made alkaline, if it is not already so, by the addition of 
AmHO in excess ( 103 )- 

Am^COj is then added, and the addition of this reagent 
is continued as long as it causes any further precipitate 
after the liquid has been warmed, stirred well and allowed 
to settle. The liquid is then filtered. A little more AmgCOj 
is added to the clear filtrate, and if this causes any further 
precipitate more AmgCOj is added, and the liquid is again» 
poured through the same filter. 

As soon as the filtrate gives no further precipitate with 
Am^OOg, all the metals of this Group, >vhich were present 
in the solution, will have been precipitated as carbonates, 
and will remain on the filter after the filtration of the liquid. 

The precipitate is then examined by Table IV. (1032, 
1033), or by the simpler Table IY.a. (1034). 



190 - 192 .] 


REACTIONS OF THE METALS. 


133 


GROUP HI.— IRON AND ZINC GROUPS. 

The Group includes Al, Fe, Cr, Zn, Mn, Ni, Co, together 
with tho rarer metals U, In, Be, Ti, Y, Zr, Ce, Ta, Nb, La, 
Di, Y, E, Th. It is conveniently subdivided into Groups 
III.A. and IIl.B. 

The reactions of the rarer metals are given in paragraphs 

243-276. 


GROUP III.A.— IRON GROUP. 

190. This Group includes Al, Fe, Cr. 

The members of this Group diifer from thoseof Groups III. B., IV., 
and V. by being precipitated fro|n their solutions by AmHO after 
the addition of AraOl. They are not precipitated, however, by the 
group-reagents for Groups II. and I. This Group is also precipitated 
by An].2S, or by H.2S added to the alkaline solution. 

Group III.A. further differs from Group III.B. in being completely 
precipitated by adding BaCO, shaken up with water. This reagent 
affords the most peifect means of separating these two Sub-groups 
from one another. 

The members of Group III.A. show no characteristic flame-colora- 
tions ; but, wrth the exception of Al, they impart a characteristic 
colour to the borax-bead. 


Aluminium (Al). — Use Aluminium sulphate, Alj(S04)3. 

191. AmHO: white flocculent precipitate (Al^HgOg), which 
is seen best after the Aquid has been boiled. It is soluble in 
HCl and in HA, and is sltghtly soluble in AmHO in the 
absence of AmCl : — 

Al, (804)3 + G AmHO = -b 3 Am,S04. 

192. KHO added in very small quantity : white floccu- 
lent precipitate (Al^HgOg), soluble in excess of KHO, Add 
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dilute HCl gradually to part of the KHO solution of the 
precipitate until the liquid is neutral, the Al^HgOg is repre- 
cipitated. If more acid is added the precipitate dissolves, 
but it reappears when AmHO is added in slight excess. 

From another portion of the KHO solution of the preci- 
pitate the AlgHgOg may be reprecipitated by the addition of 
sufficient AmCl solution. 

193. Ammonium sulphide, Am^S : the same precipitate 
(AlgHgOg), HjjS gas being evolved, or remaining dissolved in 
the liquid : — 

A1,(S0,)3 -I- 3Am,S + GH^O = Al.HgOg + 3Am,SO, + 3H,S. 

194. Blowpipe-test. — Heat some solid Aljj(S04), on char- 
coal in the outer blowpipe-flame; then moisten it, after 
cooling, with Co(N03), solution and again heat it in the 
outer flame; a fine blue mass will be obtained. 


Iron (Fe). — Use Ferric chloride, Fe^Clg, and Ferrous 
sulphate, FeSO^.THgO. 

Ferric salts are usually yellow or reddish-yellow in colour? 
Ferrous salts are usually pale green if they are hydrated, but white 
if they are perfectly anhydrous. 

Use Fe^Clg solution and FeSO^ solution for reactions 196- 
198. and solid FeSO^.THjO for 199 and 200. In pre- 
paring FeS04 solution, crush a crystal of the solid substance 
and shake it in a test-tube with cold water. 

195 . Two classes of Iron compounds are known, which differ in 
appearance and in properties and behave differently with reagents. 
They are distinguished as fervotbs and ferric compounds respectively. 

In the former class the metal may be termed Jerromm (Fe")» and 
in the latter ferricum (Fe'"). The dashes following the symbol 
denote the number of Cl atoms, or their equivalent, which are com- 
bined with one 4 |tom of Fe in its compounds. 

It is usual in stating analytical results to mention in which state 
of combination the iron exists, and therefore some distinctive tests 
are described below. 
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The whole of the reactions of ferrous compounds are not given, 
because Fe is always separated and detected in the course of 
analysis as a ferric compound, and ferrous compounds are subse- 
quently tested for by trying special tests upon the original substance. 

Ferrous compounds are readily converted into ferric compounds 
by boiling them for a short time with a little strong HNO3, 

HCl and a crystal of KCIO3. 

Both classes of compounds give the same results in the blowpipe- 
reactions (199, 200). 

196. AmHO, or KHO : with ferric salt a reddish-brown 
flocculent precipitate (Fe^H^Og), insoluble in KHO, soluble 
in HOI : with ferrous salt a dingy green precipitate, ulti- 
mately turning to brown Fe^HgOg on exposure to the air. 

197. Am^S : a black precipitate (FeS), which is mixed 
with white sulphur in the case of ferric salts 

Fe^Olg + 3 Am^jS == 2FelS-f-J5 + 6 AmOl. 

FeS is soluble in boiling acids, but is insoluble in KHO. 

In very dilute iron-solution a green colour only is pro- 
duced at first by Am^S, but black FeS separates after the 
liquid has stood for some time or when it is boiled, 

198. Hydrogen sulphide, H^S, either passed as gas into 
the solution, or added as Hj^S water, gives a black precipitate 
(FeS) when the iron-solution is subsequently mixed with 
excess of alkaline hydrate. 

In neutral or acid solution of ferric salt, sulphur is preci- 
pitated and the ferric salt is converted into ferrous salt ; the 
colour of the solution therefore changes from yellow to pale 
green : this change of colour is visible in a strong solution, 
after it has been boifed and filtered : — 

Fe.Clg -h H,S = 2Fe01, + 2HC1 -H S. 

199. Heated with Solid Sodium carbonate (Na^GOg) on 
Charcoal in the inner blowpipe-flame, a solid iron compound 
leaves a grey powder of metallic iron (lIO). This is sepa- 
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rated by levigation (ill), and is shown to be rmgnetic by 
being attracted when it is touched under water with the end 
of a magnet, or with the point of a magnetised knife-blade. 

200. A Borax-bead (I08) containing Fe is reddish-hrown 
while hot and yellow when cold, after it has been fused in 
the outer blowpipe-flame t after fusion in the inner-flame it 
is olive-green. 


Further Distinctive Tests for Ferrous and Ferric 
Salts. 

201 . For these tests the Fe solution should first be acidified by 
the addition of several drops of dilute HCl. 


Reagents to be added. 

Ferric-salts 
(Use FeaCle solution ) 

Fenous-salts 
(Use FeS 04 solution ) 

1. Potasaium ferrooy- 
anide (X^eOye) : 

Dari blue pre(Kpttate, “ Pnis- 
slan blue ” , insoluble In HCl, 
and turned blown by KHO 

Inght blue predidtate, 
becoming dark bine 
m the ail, or on addi- 
tion of HNOj or of 
Br-water. 

8. Potassium ferrioy- 
amde (KsFeCyg) . * 

iVo precipitate the solution 
darkens, but is seen to con- 
tain no piecipitate when it 
has been diluted with water. 

Dark blue precipitate, 
“Tunibulrs blue”; 
Insoluble in HCl In 
very dilute solution 
only a daik bluish- 
grey colour is pro- 
duced. 

8. Potassium sulpho- 
cyanide (KCyS) : 

1 

Blood-red coloration, no preci- 
pitate is pioduced, the liquid 
being perfectly cleai on dilu- 
tion , the colour is immedi- 
ately destroyed when seveial 
drops are poured Into some 
HgCl 2 solution its produc- 
tion is hindered by HNOs 
and by HA 

No red coloratim unless 
small quantities of 
ferrlc-^alts aie pre- 
sent. 


♦ Not*.— T his solution must be made Immediately before it is used, by dissolving a 
mall piece of solid potassium ferricyantde, about the We of a pin’s bead, in a few 
drops of water. 

It will be seen that the addition of KOH or of AmOH ( 196 ) also 
serves to distinguish ferrous from ferric salt, when these salts are 
pot present together. 
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Chromium (Or). — Use Chrome-alum, CrK(S04)2.12H20, 
which contains Crg(SOj3. 

Chromic salts are usually bluish-green or violet in colour. 

Remarks. — Chromium forms two classes of compounds. In one 
class chromium in combination with oxygen acts as an acid-radicle. 
This class includes the chromates, which are usually yellow or 
reddish in colour. 

But ^chromium also forms a series of salts in which it acts as a 
metallic radicle ; these are usually green or violet, and give the 
following reactions for Or 

The chromium salts pass by oxidation into chromates in reactions 
204, 206, where the oxidation is caused by Pb02 and by KNOj 
respectively. 

Chromates, on the other hand, pass by reduction into green 
chromic compounds ; examples of this change will be found under 
the tests for chromates (592). 

202. AmHO: pale bluish-green or purple precipitate 
(CrjHgOg). If AmHO is added in large quantity and the 
liquid is heated, some of the precipitate will dissolve, pro- 
ducing a beautiful violet-red solution. The colour of the 
liquid is best seen after the precipitate has been removed 
from it by filtration. From this red solution the Cr^HgOg 
is reprecipitated when the liquid is boiled for several 
minutes in a porcelain dish. 

203. KHO, if it is added in small quantity, gives the same 
precipitate (Cr^HgOg). If more cold KHO is added, the 
precipitate is entirely dissolved to a green fluid. When this 
liquid is diluted with water and then boiled for several 
minutes, the Cr,HgOg is reprecipitated and the liquid 
becomes colourless. When AmCl is added to the KHO 

solution, the Cr^HgOg U also reprecipitated. 

<• 

204. Lead peroxide (PbO.2), or Red lead, may be added to the green 
liquid which has been obtained by adding KHO in excess to the 
chromium solution (203). When this liquid is boiled with the lead 
oxide, its colour changes to yellow ; a yellow precipitate (PbCrOg) 
may then be thrown down from this yellow solution by adding to it 
HA in excess. 
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205. Am2S also precipitates CrgHgOg, HgS gas being given off or 
remaining dissolved. See the equation in paragraph 193. 

206. A Solid substance containing Cr, if it is heated 
with fused (Na^C03) and potassium nitrate (KNO3) on 
platinum or porcelain, yields yellow sodium chromate 
(NajCr04). See Exp. 85 (106). When the cold product is 
dissolved in boiling water, a yellow liquid is obtained. If 
this solution is acidified with HA, and is then boiled for a 
few minutes in order to drive off CO^, it gives with solution 
of lead acetate (PbA^) a yellow precipitate of PbCrO^. 

207. A Borax-bead containing Or (108) is green after it 

has been fused either in the outer or in the inner blowpipe- 
flame. 


Detection of One MetjiL in Group III.a., when it 

OCCURS ALONE. 

208. The following Table of Differences will serve to 
detect one metal in Group III.A., when all other metals are 
absent. Refer to the remarks on the corresponding Table 
for Group V. (158), for an explanation of the method of 
using this Table. 
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Gko0p III.a.— Table or Difperences. 


Tests. 

Al— salts 

re'"-8alts 

Fe"- salts. 

Ci^-ialts 

Fw hquids 

h AddAmHO. 

White flocculent 
precipitate 

Reddish brown 
flocculent pic- 
cipltate 

Dingy green pre- 
cipitate, rapidly 
turning brown 
when left ex- 
posed to the air 

Pale green tocon 
lent precipitate 
colour unal 
tered by expo 
sure to air 

2 . Add KHO. 

]Vhtte flocculent 
pi ecipitate, 
easily soluble in 
excess of KHO 
not lepiectpi 
lated on dilut' 
ing and boiling 
for some time 

Reddish broicn 
flocculent pie- 
clpltate, tnso‘ 
fuble in excess 
of KUO 

The same preci- 
pitate as with 
AmHO, inso- 
luble in excess 
of KHO 

Pale green preci- 
pitate, solubh 
in excess of cold 
KHOy hut re- 
ptecipitated on 
diluting and 
boiling for some 
time. 

8, AddKCySand 
a few drops of 
HCl: 


Deep blood red 
culoiation, de- 
8tioyodb|y)Our- 
Ing Into HgC)2 
solution 

Nocolorationxm- 
less Fe^'' Is also 
present. 


Blotopipe tests 
for sohUs 





4 . ^use witli 
NaoCOs and 
KNO3 on pla- 
tinum foil 


On cooling, a 
wlutc mass of 
NagCOj le- 

mains, with 
daik brown 
particles of 
1*0203 

Same as Fe'^' 

On cooling, a 
yellow mass 
remains ; the 
solution in HA, 
gives a yellow 
precipitate with 
PhAj 

8 . Heated on 
charcoal : 

1 

If moistened Mitli 
Co(N 03)2 solu- 
tion and re- 
heated strongly 
gives & fine blue 
mass. 

In innci flame 
mixed with 

N 112003 gives a 
giey magnetic 
powder. 

Same as Fe'^'. 


8 . Fused in Umax 
bead: 

1 

Reddish vellow 
In outei flame 
Greenish yellou 
In Intel flame 

Same as Fc'" 

1 Orm b(.th in 
outer and inner 
flames. 
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Separation and Detection op the Metals in Group 
II.A., WHEN THEY OCCUR TOGETHER. 

209. ^ The following Differences are utilised : — 

1. The solubility of AljHgOg in boiling KHO, in which 
Fe,HgOg and Cr^HgOg are insoluble. 

2. The conversion of Cr^HgOg by fusion with NajCOg and 
KNO3 into soluble NsgCrO/ Fe^HgOg, when it is thus 
treated, remaining as Fe^O, which is insoluble in water. 

3. Or is then detected by the yellow colour of the 
aqueous solution of the resulting Na2Cr04, and by the 
formation of a yellow precipitate when this solution is 
acidified with HA, and PbA, solution is added to it. 

4. Fe is found by the blood-red coloration which is 
obtained, when KCyS is added to the solution in HCl of the 
Fe^Oj resulting from (2). 

0* 

210. * A Solution which may contain Al, Fe, Or, is 
examined in the following manner ; — 

(a) To a few drops of the liquid, acidified with HCl, a 
little K^FeCyg is added ; if a blue precipitate is produced, 
Fe is present : proceed to (b) ; if no blue precipitate forme, 
proceed to (c). This portion of the liquid is rejected. 

(b) Two other small portions of the acidified solution are 
then tested ; one with freshly made solution of KjFeCyg, 
which, by giving a dark blue precipitate, would show the 
presence of Fe" ; the other with KCyS, which may cause a 
blood-red colour, proving the presence of Fe'". These por- 
tions of the liquid are rejected. Proceed to (c). 

(c) The rest of the original solution is boiled, after a few 
drops of strong HNOg have been added if ferrous salt is 
present. Some AmCl is added ; then AmHO is gradually 
Etdded, with constant stirring, until the liquid is just alkaline 
md smells faintly of NHg. The liquid is then boiled and 
filtered, and the precipitate is examined by Table III.a. 
[1027); ull the appended Notes being disregarded. 
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GKOUP III.B.— ZINC GROUP. 

21 1. This Group includes Zn, Mn, Ni, Co. 

Compounds of these metals differ from those of metals of Groups 
IV. and V. by being precipitated from their neutral or alkaline 
solutions by ammonium sulphide (Am^S), and from their alkaline 
solutions by HaS They are not precipitated by the Group- reagents 
for Groups III. A., II., and I. Mn is, however, gradually precipi- 
tated by oxidation, if its solution is mixed with AmCland excess of 
AmHO and is then exposed to the air. 

The compounds of the metals of this Group show no characteristic 
flame-colorations ; but, with the exception of those of Zn, they give 
characteristic colours to a borax-bead. 

Finely powdered barium carbonate (BaCOj) does not precipitate 
the metals of this Group from their solutions, as it does the metals 
of Group III. A., unless they are present as sulphates. 

Note.— The yellow ammonium sulphide, which is repeatedly 
referred to in the tests for Ni and Co, is the reagent which is 
ordinarily found in the laboratory. It is a polysulphide, and is 
represented by the general formula AmaSn. The monosulphide, 
Am^S or AmHS is colouiless. 


Zinc (Zn). — Use Zinc sulphate, ZnS0^.7H,0. 

Zinc salts are usually colourless. 

212. Ammonium sulphide, Am^S: white precipitate 
(ZnS). This precipitate often appears yellow, owing to 
the presence of excess of yellow ammonium polysulphide 
(AmjjSn) in the liquid. The true colour is evident, as soon 
ae the precipitate, produced by Am^S^, has been separated 
from the liquid by settling or by filtration. 

The colour and the solubility of this precipitate is proved 
in the next paragraph. 

213 . Hydrogen sulphide, HjjS ; white precipitate (ZnS). 

Zn is only partly precipitated from the neutral solution by 



142 


GROUP III.B.— ZINC, MANGANESE. [214, 215, 


HgS, since H 2 SO 4 , in which ZnS is soluble, is formed during 
the reaction : 

ZnSO^ + H,S = ZnS + H.SO^. 

If, however, NaHO or AmHO has been added in sufficient 
excess to the zinc solution, it will form a clear solution 
(214, 215) ; and since free HgSO^ cannot exist in this alka- 
line liquid, the Zn may be entirely precipitated from it as 
sulphide by H^S. 

The addition of a sufficient quantity of solution of sodium 
acetate (NaA) to the zinc solution also enables H^S to effect 
complete precipitation of the Zn as sulphide, since acetic 
acid (HA), in which ZnS is insoluble, is produced in the 
solution : 

ZnSO^ -i- H,S + 2NaA = ZnS + Na^SO^ f 2HA. 

Add to some ZnSO^ solution AmCl, then AmHO until it 
is alkaline, and then H^S. White ZnS will be precipitated. 
Add to separate portions of /.his liquid HCl, HA, and Am^S 
respectively ; ZnS will be found to be soluble in HCl, but 
insoluble in HA and in Am^S. 

Note. — The tests which show the solubility of the sulphides of the 
metals of this Group are best tried on the precipitate which is 
obtained by the addition of AmCl, AmHO in excess, and to the 
solution of the metal, unless freshly prepared colourless AmgS can 
be obtained , since the yellow polysulphide solution causes sulphur 
to precipitate together with the metallic sulphide : • 

ZnS04 4- Am2S2 = ZnS -1- S + Am.jS04. 

The sulphur, thus precipitated, is not dissolved by tne solvents of 
the metallic sulphide 

214. KHO, added in small quantity, gives a white pre- 
cipitate (ZnHgOj,). The addition of more KHO causes this 
precipitate to dissolve, but it is foriyed again when much 
water is added and the solution is boiled. The Zn may also 
be precipitated from the KHO solution as ZnS by the addi- 
tion of HgS. 

2x5. AmHO, if added in small quantity, also yields a precipitate, 
which is soluble in excess. The formation of this precipitate is 
prevented by the previous addition of AmCl. 
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216. Blowpipe-test on Charcoal. — Mix some finely 
powdered ZnSO^.THgO and Na^COj in a small cavity on 
wood-charcoal, and heat the mixture in the inner blowpipe- 
flame. An incrustation will be obtained on the charcoal, 
which is yellow while hot and xohiie when cold. This deposit 
cannot be driven away by the outer blowpipe-flame, but it 
is easily removed when it is heated in the inner flame. 

Moisten the cold incrustation with cobalt nitrate solution 
and heat it strongly in the outer blowpipe- flame ; it will 
become green. 

Note. — The above changes of colour are more distinctly seen when 
a little zinc oxide (ZnO) is heated in an ignition tube, or m the 
outer blowpipe-flame on charcoal. The oxide will be yellow while it 
is hot and white when it has cooled. If the oxide is moistened on 
charcoal with Co(N03)2 solution, and is then reheated in the outer 
blowpipe- flame, it will become green. 


Manganese (Mn). — Use Manganese chloride (MnCJ^), or 
Manganese sulphate (MnSO^). 

Manganous salts are usually of a pale pinh colour. Alkaline 
manganates are green y permanganates are purple, 

217. Am2S : flesh-coloured or pale pink precipitate (MnS). 
The true colour of this precipitate is only seen after it has 
been separated by filtration, if the ammonium sulphide was 
yellow. The precipitate occasionally becomes dark green after 
standing for some time. The colour of the moist filtered 
precipitate always changes by oxidation to dark brown, when 
it is allowed to stand in contact with the air. For the solu- 
bility of this precipitate, refer to paragraph 2l8« 

1 

218. HgS precipitates pale pink MnS, partially from neutral 
solutions and entirely from alkaline solutions, but it pro- 
duces no precipitate in the presence of HCl or of HA. 

Add to some MnOJ, solution AmCl, AmHO in excess, 
and then H,S; and show with separate portions of the 
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precipitate that MnS is soluble in HCl and in HA, but is 
insoluble in Am^S. 

219. KHO: white precipitate (MnHgOj), insoluble in 
excess, and quickly turning brown by oxidation in the air. 
This change of colour is most rapid after the precipitate has 
been filtered off, since it is then exposed more fully to oxida- 
tion by the air. 

220. AmHO gives the same precipitate (MnH^Ojj). If 
sufficient AmOl is first added, however, AmHO produces no 
immediate precipitate ; but if this alkaline liquid is exposed 
to the air, it gradually turns brown by oxidation, and the 
Mn is ultimately precipitated as a brown hydroxide. 

221. Blowpipe-test by Oxidation. — When any solid sub- 

stance containing Mn is heated ujton 'platinum foil in the 
outer blowpipe-flame, in contact with a fused mixture of 
Na^COg and KNOg, the product yields a hluish-green mass 
when it cools. The mixture of the substance with the alka- 
line salts should be heated by allowing the tip of the blow- 
pipe-flame to touch the under surface of the foil, and the 
flame must not be allowed to come into contact with the sur- 
face of the mixture (106, Exp. 85). 1 

The test may also be made by fusing a mixture of 
Na^COg and KNOg into a bead in a loop of platinum wire, 
then taking up a little of the manganese compound upon the 
surface of the moistened bead, and fusing it into the bead by 
heating it in the extreme tip of the outer blowpipe-flame. 

This reaction is a very delicate test for the presence of 
manganese. 

222. Blowpipe-test on Charcoal.— When any manganese com- 
pound is heated with fused Na^COs on charcoal in the inner blow- 
pipe-flame it yields a grey magnetic powder of Mn (no, iix). 

223. A Borax- bead (108), which contains very little Mn, 
will be vioUt-red whilst hot and amethyst-red when cool, after 
it has been fused in the outer blowpipe-flame. When the 
bead isheated in the inner blowpipe*flameit becomesco/ot^r/eaa. 
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This reaction is very delicate, and yields a result with 
even minute quantities of manganese compounds. Larger 
quantities of manganese render the bead opaque, after it has 
been heated in the outer blowpipe-flame. 


Nickel (Ni). — Use Nickel sulphate, NiSO^.TH^O. 

Nickel salts are usually hright green in colour. 

224. Am^S: black precipitate (NiS). 

Add yellow ammonium polysulphide in excess, boil and 
filter. The filtrate will be coloured brown by NiS, which 
has been dissolved by the excess of the polysulphide. 

Pour this dark-coloured filtrate into a porcelain dish and 
boil it for some time, adding distilled water if necessary in 
order to prevent the liquid from evaporating to dryness. 
The dissolved NiS will be repredipitated, and when it has 
been filtered ofi*, the filtrate will be colourless. 

If HA is added in excess to the dark-coloured filtrate, 
the dissolved NiS will also be reprecipitated. 

For the solubility of NiS, refer to the next paragraph, 

225. H,S : black precipitate (NiS) in a neutral solution, 
or in a solution which contains no free acid except HA, 
(213). HCl and other acids prevent the precipitation. 

Add to NiSO^ solution AmCl, then AmHO in excess and 
then H,S ; and show with the precipitate thus produced, 
that NiS is insoluble in cold HOI and in HA, but is 
dissolved when it is heated with HOI and a crystal of 
potassium chlorate (KOlOj). 

226. KHO : light green precipitate {NiH,Oj,). 

227. AmHO, added in very small quantity, gives a bluish- 
green precipitate (NiHjO,). This precipitate is soluble in 
excess of AmHO to a violet-blue liquid : it is also soluble 
in AmOl. 


10 
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If AmOl is first added to the NiSO^ solution, the addition 
of AmHO causes no precipitate. 

228 . Solution of Potassium cyanide (KCy), if it is 
freshly-prepared by dissolving a fragment of solid KCy in 
water, and is added in small quantity to the nickel solution, 
gives a yellowish-green precipitate (NiCy^). The further 
addition of the KCy solution dissolves this precipitate, but 
the precipitate appears again when sufficient HCl is added 
to this solution. 

229 . Precipitation as from Ni0y^.2K0y. — 

Acidify some NiSO^ solution with several drops of HA ; 
then add freshly-made KCy solution gradually, while 
stirring or shaking the nickel solution, until the precipi- 
tate, which forms at first, is just redissolved. 

Boil this solution for a short time: then cool it, and 
divide it into two parts. 

The addition of HCl in excess to one part will produce a 
precipitate of NiCyg, which often appears only after a time. 

A black precipitate (Ni^HgOg) will be formed on the 
addition to the other part, either of sodium hypochlorite 
solution (NaClO), or of potassium hypobromite (KBi< 0 ). 
The hypobromite is conveniently prepared by adding to the 
nickel cyanide solution first KHO in excess, and then bromine 
water (Br) until the liquid remains yellow. The black pre- 
cipitate forms more rapidly if the liquid is 'farmed. 

230. Blowpipe-test on Charcoal. — When a mixture of hnely- 
powdered NiS04.7H20 and Na^COg is heated on charcoal in the 
inner blowpipe-flame, a grey powder of Ni will remain, which may 
be separated by levigation and shown to be attracted by the 
magnet (no, in). 

231 . A Borax-bead containing Ni is violet or reddish- 
brown immediately after it has been fused in the outer 
blowpipe-flame, and it becomes pale yellow on cooling. 

If the bead is heated for some time in the inner blowpipe- 
flame, it becomes black and opaque. 
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Cobalt (Co). — Use Cobalt nitrate, Co(N 03)3.011^0. 

Hydrated cobalt salts are ykswoWy rcddUh-pinh in colour ; in the 
anhydrous condition they are usually line or pur pie. 

232. Ain^S : black precipitate (CoS). If much yellow 
ammonium polysulphide is added, and the liquid is then 
boiled and filtered, the filtrate is coloured yellow by AmgS^ ; 
it is not dark cohured^ since CoS, unlike NiS, is insoluble in 
yellow Am^Sjj. For the solubility of CoS refer to the next 
paragraph. 

233. H,S : black precipitate (CoS), forming only in alka- 
line solutions, or in solutions which contain no free acid 
except HA (213). The presence of HCl prevents the pre- 
cipitation. 

Add AmCl, then AmHO in excess, and then HgS to 
some Co(N03)3 solution, and pour into two separate portions 
of this liquid HCl and HA •respectively ; the precipitate 
will not dissolve. To the portion containing HCl add a 
crystal of KCIO3 precipitate will dissolve 

readily. 

234. KHO : blue precipitate (CoHgOg). The colour of 
the precipitate changes by oxidation on exposure to the air, 
also when the liquid containing the precipitate is heated. 

235. AmHO : bluish-green precipitate, having the same 
properties as that produced by KHO. The precipitate is 
soluble in excess of AmHO and in AmCl, and is therefore 
not formed if AmCl is added to the cobalt-solution before 
AmHO, or if AmHO is added in excess. 

236. Freshly-prepared KCy solution, if it is added in 
small quantity, gives a reddish-brown precipitate (CoCyg). 
When more KOy solution is added slowly and while shaking 
the liquid, the precipitate dissolves ; but it reappears when 
HCl is added to the solution. 

237* Oobalticyanide reaction. — Acidify some Co(N03)3 
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solution with a few drops of HA ; then add freshly-made 
KCy solution slowly, until the precipitate which forms at 
first is just redissolved. 

Boil this liquid, then cool it and divide it into two parts. 
Add to one of these portions HCl ; and to the other either 
NaClO solution, or excess of NaHO solution followed by 
sufficient Br- water to render the liquid permanently yellow ; 
no precipitate will appear in either case, even when the liquid 
is warmed. Refer to 229. 

The difference in behaviour of solutions of Ni and of Co, which 
have been boiled with excess of KCy, is due to the fact that NiCyg 
forms with KCy a compound (NiCy2 2KCy) which is easily decom- 
posed : whereas CoCy2 forms with excess of KCy, in the presence of 
atmospheric oxygen, the very stable compound KjCoCy^, 
cohaltioyamdet which resists decomposition by acids and by alkaline 
oxidising solutions — 

20oCy2 + 8KCy -b 2H2O + 0 = 2 K.jCoCy 6 + 2 KOH -b 

238. Blowpipe-test on Charcoal. — When a solid cobalt compound 
is mixed with Na2C03, and the mixture is fused on charcoal in the 
inner blowpipe-flame,it yields a grey magnetic powder of Co( 110,111). 

239. A Borax-bead, which has been dipped into a strong 
solution of Co(N03)j, assumes a Jlne blue colour when it is 
fused in either the inner or the outer blowpipe-flame. 
This colour is produced even by minute quantities of cobalt 
compounds. 


Detection op One Metal in Group III.b., when it 

OCCURS ALONE. 

240. The Table of Differences on pp. 150-1 will serve 
to detect one metal in Group III.b, when all other metals 
are absent. 

The distinction between Ni and Co in the Table depends 
upon noting the presence of NiS in yellow ammonium poly- 
sulphide ; this is proved by a dark filtrate being obtained 
when the precipitated sulphide is warmed with excess of the 
yellow polys^ilphide and the liquid is filtered. 
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Separation and Detection of the Metals in Group III.b., 

WHEN THEY OCCUR TOGETHER. 

241. * The following Differences are made use of; — 

1. The solubility of NiS in yellow ammonium poly- 
sulphide, in which ZnS, MnS and OoS are insoluble. 

NiS may then be reprecipitated by boiling this solution, or 
by the addition of HA, and the presence of Ni may be con- 
firmed by heating the NiS in a fused borax-bead ( 231 )* 

2. The solubility of ZnS and MnS in cold dilute HOI, in 
which NiS and CoS are almost insoluble, 

3. The solubility of ZuH^O^ in cold KHO, in which 
MnHjjO^ is insoluble. 

White ZnS may then be precipitated from this alkaline 
solution by the addition of H^S : and the MnHPj, may be 
heated in a fused mixture of Na^OO^ and KNO 3 , when it 
will yield a bluish-green mass ( 221 ). 

4. The difference in behaviour of the solution of NiOy, 
and of CoOy, in excess of KOy solution, when the liquid 
is warmed with NaClO, or with NaBrO ( 229 , 237)* 

5. The marked difference in colour of the borax- bead con- 
taining Ni *from that containing Oo is a further means of 
detecting these metals. 

Mn may be separated from Zn, Ni, and Co by passing HgS into 
the neutral solution which has been saturated with NaA (213) ; Mn 
alone remains in solution (218), and the other metals are precipi- 
tated as sulphides. 

Another method for separating Ni and Co depends upon the fact 
that while Co is precipitated as Co2(HO)Qfrom its solution by BaCOs 
in the presence of Br, Ni is not precipitated by this means and 
remains in solution. 

242. * A Solution is Examined for Zn, Mn, Co, Ni, 

by adding AmOl, then AmHO in excess, and then yellow 
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Tills Table runs 

across both pages GROUP III.B. 


Tests. 


For liquids. 

1 . Add Am^; or better 
AmCl, AmHO in excess 
andHjS-water. 

8 . Add KHO : 


Zn— salts. 


WhiteprecipUate : soluble in 
cold ^lute HCl : insdvbU 
mEA. 

White precipitate: soluble in 
I excess of KHO, 


%. Add ECy solution : i 

i This test need only be tried < 
\ when a black precipitate I 
has been obtained by Test , 
No. 1 I 

I 


Mn— salts. 


Pink precipitate: soluble 
cold dilute HCl: soluble 

HT. 

White precipitate: turning 
brown m the air : insoluble in 
KHO, 


Blowpipe tests for solids. 

i. Fused with Na2C03 on 
charcoal in the inner blow- 
pipe flame. 


15 . borax 


A white Incrustation, which, 
if moistened with Co(N03)2 
and heatea in the outer 
flame, turns green 
The substance itself, when 
strongly heated after hav- 
ing been moistened with 
Co{N 03)2 also becomes 
green. 


A grey powder. 

Hie substance. If fused with 
NajCO# and KNO* on plati- 
num foil in outer flame, 
gives a bluish green mass. 


(Outer flame —Amethyst red. 
(Inner flame — Colourless. 


Am^Sn until the liquid smells of the sulphide after it has 
been well stirred or shaken. 

The liquid is then heated, and a few drops of it are 
poured upon a filter. If the filtrate is colourless, sufficient 
AiDjSn has not been added; more Am^Sn must then be 
poured in, the liquid must be once ^dore filtered, and the 
colour of the filtrate must be ag^in observed. 

As soon as the filtrate is brown or yellow in colour, 
proving that Am^Sn has been added in excess, the whole of 
it is heated and fi,ltered, and the precipitate is examined by 
Table IILb. (1028). 

If the filtrate is yellow it is rejected, if it is brown it 
must be examined for Ni according to paragraph I020* 


§5* 
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Table op DiPFEiiENCES, 


Nl— salts. 

Co— salts. 

Black precipitate : soluble in boiling yellow 
Am^S to a dark solution : insoluble in cold 
dilute HCl and in HA. 

Black precipitate* insoluble in boiling yellow 
Ainj-Sf » m cold dilute HCl, and in HA. 

Green preapitate , insoluble in KHO. 

Blue precipitate : insoluble in KHO. 

Added in slight excess to the feebly acid 
solution and boiled for some time, then 
Br-water and excess of NaHO added, gives 
a black precipitate on heating 

Added in slight excess to the feebly acid 
solution and boiled for some time, then 
Br-water and excess of NaHO added, gives 
no precipitate on heating. 

A grey magnetic powder. 

A grey magnetic powder. 

( i Violet or yellow while hot. 

1 Outer name, 

( Inner flamo.—Urey or opaque bead. 

Outer and inner flames. —Fins blue bead. 


Reactions of the Rarer Elements in Group III. 

243. In this Group are included U, In, Ti, Be, Tl, [V], (Zr, Ce 
Ta, Nb, La, Di, Y, E, Th). 

244. Tl is often partially precipitated as chloride in Group I., and 
its reactions are given under that Group. V is not precipitated 
unless acid is added in eMjess, after Am.jS has been added. 


Uranium (U).— Use Uranyl nitrate, (U02)''(N03)2. 

IT oconrs in nature principally as piichhlende, an oxide ; also as 
nran'ite, a hydrated uranium calcium phosphate ; and as chalcolite, 
hydrated uranium copper phosphate. 
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245, AmHO, KHO, or NaHO : yellow precipitate of uranate, 
insoluble in excess. 

246. AuLjS gives in neut’*al solutions a dingy yellow or preci- 
pitate of uranium oxysulphide, which differs from ZnS. MnS, and 
FeS by being soluble in AmaCOj. The precipitated oxysulphide 
settles slowly, unless AmCl is added , it is soluble in acids, even in 
HA ; when it is heated with Am^S in excess, it is changed into 
uranous oxide and sulphur. 

247* produces no precipitate in acid solutions. 

248. Ani2C03. KHCO,, or NaHCO^: yellow precipitate of double 
carbonate, easily soluble in excess ; from this solution the uranium is 
reprecipitated by the addition of NaHO or KHO, or by boiling the 
liquid ; it differs in this respect from the corresponding iron 
precipitate. 

249. K4FeCyg gives in acid solutions a reddish-brown precipitate, 
which differs from the similar one produced in a copper solution, 
by dissolving in excess of AmHO to a yellow liquid. 

250. BaCOj causes complete precipitation even in the cold. 

251. Zn changes the yellow colour of acid solutions to green. 

252. Borax and Microcosmic beads: after being heated in the 
outer flame, yellow ; inner flame, green. 


Indium (In). — Use Indium sulphate, 102(804).,. 

Indium occurs in zinc-blende and in wolfram 

233. Alkaline hydrates precipitate a hydrate' resembling AlgHgOg, 
which is insoluble in excess. Indium solutions are also precipitated 
by alkaline carbonates, by Na2HP04, byboiling their neutral solutions 
with excess of NaA, by BaCOg, and by alkaline oxalates. 

254. HoS gives no precipitate in strong and acidified solutions ; in 
dilate and feebly acid solutions a Httle sulphide separates ; in a solu- 
tion containing no free acid but HA the mefal is entirely precipitated 
as 7 jellow sulphide. This precipitate is insoluble in cold Am2S, but 
dissolves when the Am2S is boiled *. white indium sulphide separates 
as the hot solution cools. 

255. An^S, added after Hgf and excess of AmHO, gives a white 
precipitate, which becomes yellow when it is treated with HA. 

256. Flame-Coloration ; bluish-violet. The spectrum shows a very 
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characteiistic blue line ; when indium chloride is introduced into 
the flame this line is brilliant, but it very rapidly disappears (flg. 68, 
ii6). 


Beryllium (Be). — Use Beryllium sulphate, Be2(S04)j. 

Be occurs as silicate in phenakite, and as silicate with alumi- 
nium silicate in beryl and in emerald. 

257. Am^S, AmHO, KHO, or NaHO precipitates the flocculent 
hydrate, which resembles^ Al2HgOft in appearance and in being 
soluble in KHO : it differs fiom AlgHgOe in being precipitated from 
its solution in KHO by dilution and long boiling, and by the freshly 
precipitated hydrate being dissolved when it is boiled for some time 
with AmCl solution. 

258. AUcaline carbonates precipitate a carbonate, which is soluble 
in excess of the reagent ; the carbonate is reprecipitated when this 
solution is diluted and boiled for some time ; the solution and re- 
precipitation are most easily effected when Am.^COj is used as the 
reagent. (Difference from AlaHgOg.) 

259. BaCOj precipitates Be solutions completely. 

260. H2O2O4 and Alkaline oxalates produce no precipitate. 

261. Moistened with Co(NOj)2 solution and heated on charcoal 
in the outer blowpipe-flame, a grey mass is obtained. (Difference 
from Al.) 


Titanium (Ti). — U se Titanium oxide, TiO.^. 

Ti occurs as TiO.2, with traces of Fe, Mn, Cr; also in rutile, 
anatase, and brookite. TiO.2 occurs also in combination with Fe in 
titaniferous iron ore. 

262. Ignited TIO2 is insoluble in water and in most acids : it is 
easily soluble in HF, less readily in boiling strong H.2SO4 *. it also 
becomes soluble in cold water after it has been heated with fused 
KHSO4. TiOa differs from SiO^ by not being volatilised when it is 
heated in a platinum dish with HF and strong H2SO4. 

263. By Dilution and long Boiling, white flocculent hydrated 
TiOg is precipitated from solution in H2SO4 or in HCl,and from the 
aqueous solution prepared after treatment with fused KHSO4: the 
precipitate is metatitanic acid : it cannot be filtered off until either 
an acid or AmCl has been added. 
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264. AmHO, KHO, KaHO, Ain.2S, or BaCOs, white Rocculent pre- 
cipitate, insoluble in excess ; if the precipitation and washing have 
been carried out in the cold, the precipitate dissolves in HCl and in 
dilute H2SO4. 

265. Zn or Su gives in strong acid solutions a line coloration ; if 
the solution is dilute, a rose-red coloration is produced. 

266. NagS^Oj precipitates Ti solution entirely when the liquid is 
boiled. (Difference from Fe.) 

267. Microcosmic-bead : in the outer flame yellow while hot, colour- 
less when cold : in the inner flame yellow while hot, i lolet when cold. 

The production of these colours is promoted by introducing a 
fragment of Sn into the fused bead. The addition of a small quan- 
tity of FeS04 causes the bead to become Uood-red, when it is heated 
in the inner blowpipe-flame. 


Vanadium (V). — Use Sodium vanadate, NaVO^. 

V occurs in vanadinite [3Pb^(P04)2.PbCl2], and in certain Fe-ores 
and Cu-ores. Vanadium is known in several stages of oxidation ; 
it usually occurs in analysis as vanadic acid or a vanadate, which 
in acid solution is of a yellow or reddish colour. 

271. H28, H28O,, or H2C2O4 reduces an acid solution of a vanadate, 
and causes the colour of the solution to change to blue ; with HgS a 
deposit of sulphur is also formed. 

272. AuL^S, if added in excess, gives a brown liquid ; the addition 
of an excess of acid to this brown liquid produces a brown piecipi- 
tate of V2S5 ; the brown precipitate is redissolved by an excess of 
AragS, yielding a reddish-brown liquid 

273. Zn, when introduced into a very dilute solution, which is 
acidified with H2SO4 and is then gently twarmed, causes the liquid 
to change in colour to blue^ then lo^reen^ and then to latender-blue. 

274. SoUdAmCl, if It is added to the solution until it is saturated, 
precipitates Aro3V04, which is insoluble in saturated AmCl solution. 

275 H2O2, when shaken up with an acid solution, imparts to it a 
red colour ; the colour is not removed by shaking the liquid with 
ether. This is a very delicate test. 
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276. Borax-bead : in the outer flame coloitrlees, or yellow if much 
V is present : m the inner flame green hot and cold, or, if much V 
is present, brown hot and green cold. 


Detection of the Rarer Elements in Group III. 

For the Detection of these Rarer Elements of Group HI. in tlie 
ordinary course of analysis, refer to the third and fourth columns 
in Table 1090, and to Table 1091. 
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GROUP II.— COPPER AND ARSENIC GROUP. 

This Group includes the metals Hg, Pb, Bi, Cu, Cd, As, 
Sb, Sn, together with the rarer elements Pd, Os, Rh, Ru, 
Au, Pt, Mo, Se, Te, Ir. 

Group II. is subdivided into Groups II.a. and II.b. 

The Reactions of the Rarer Elements are given in para- 
graphs 348-378. 


GROUP II.A.— COPPER GROUP. 

277* Group include^s Hg", Pb, Bi, Cu, Cd, (Pd). 

The compounds of these metals differ from those of the metals in 
Groups III. A., III.B., IV., and V. by being piecipitated as sulphides 
by HgS fiom their acid solutions. With the exception of Pb, which 
is partially precipitated from strong solutions as chloride, these 
metals are not precipitated from their solutions by HCl or by 
soluble chlorides. 

The precipitated sulphides of the metals of Group II.A. differ from 
those of Group II.B. by being insoluble both in A£Q23 i^ KHO. 

HjjS does not precipitate the members of this Group from strongly 
acid solution readily or completely, until the sc^lution has been 
suitably diluted with water. 

The Rarer Metal, Palladium (Pd), belongs to this Group ; its re 
actions are given in paragraphs 348*35 1. 


Mercuricum (Hg"). — Use Mercuric chloride, HgCJg. 

278. Mercury forms two series of compounds, which are distin- 
guished as Mtrcuric and Mercurom compounds. These two classes 
of compounds behave differently with reagents, and the metal present 
in them may be distinctively called Mercuricwn and Mercurosum, 
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As Mercuricum the metal is classed in this Group, but as Mercuro- 
sum it IS classed in Group I. In paragraphs 386 and 387 tests are 
given, which serve to distinguish mercury as Mercurosum from 
mercury as Mercuricum. 

279. Hydrogen sulphide, H^S : black precipitate (HgS). 
If the HgS solution is added slowly, the precipitate is first 

then brown or orange.^ and ultimately black. The 
occurrence of these changes of colour, during the addition of 
HgS, is characteristic of mercuric salts. 

Filter off the precipitate of HgS, and wash it free from 
dissolved chlorides ; then place portions of it in two test- 
tubes. 

Boil one of these portions with strong HNO3, the precipi- 
tate will not be dissolved ; now add HOI and warm again, 
the precipitate will dissolve. 

Boil the second portion with Am^S, the precipitate will 
not dissolve. 

Hence HgS is insoluble in hoB strong HNO3, and in Am,S. 
It is, however, easily soluble in a mixture of HNO 3 and HCl, 
which is known as aqua regia. 

280. Stannous chloride, SnCl, ; white precipitate 
(HggClg) : if an excess of SnClg is added, the white pre- 
cipitate becomes grey : the grey precipitate consists of fine 
particles of Hg : — 

. 2 HgClg + SnCl, = HggClg + SnCl, 

HggOl^ + SnOlg = 2Hg + SnCl,. 

Boil the liquid, and decant it from the grey precipitate. 
Then heat the precipitate with strong HCl ; the Hg- particles 
will usually unite to globules, which are visible through a 
lens and are frequently seen even by the naked eye. 

281. Copper, Cu : cleanse a small strip of copper sheet, 
or a copper coin, by rubbing it with sand-paper, or by dip- 
ping it into strong HNO3. Immerse it in some HgOl, solu- 
tion, which has been acidified by the addition of a few drops 
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of HOI. The Cu will become coated with a grey film of 
Hg 

HgCl, + 0u = Hg + Cu0J3 

Allow the Cu to remain immersed in the liquid for several 
minutes, then remove it, dry its surface, and rub it with a 
cloth or with a piece of wash-leather. The Cu will appear 
more or less whitened like silver, since the mercury has 
formed an amalgam with it. 

The Hg may be readily driven off from the copper by 
heating it strongly. If the copper strip is heated in a test- 
tube, or better in a small hard-glass tube sealed at one end, 
a sublimate of globules of Hg will form upon the cool sides 
of the tube. 

282. Heating with Sodium carbonate, Na^CO^. — Dry 
some sodium carbonate perfectly by heating it strongly on 
platinum foil or in a porcelj»in dish. Also dry the interior 
of a small test-tube by heating it in the flame, and then suck- 
ing out the moist air by a glass tube. Mix a little finely- 
powdered HgClg intimately with about four times its measure 
of the dry and finely- powdered NaCOj. Then transfer the 
mixture into the tube and cover it with a layer of the duy 
Na^COj. 

Now cleanse the inside of the tube perfectly, and proceed 
to heat the upper layer of Na^OOg strongly : gradually 
extend the heat to the mixture below, while the upper layer 
is maintained at a high temperature. Hg-vapour will be 
evolved, and will condense in globules on the inside of the 
tube. 

Sometimes the globules of metal are so small that they 
appear as a grey film only, or they are few and scattered 
and are not easily visible. In either case the minute globules 
may usually be detected by means of a pocket-lens, or they 
may be united into larger and visible globules by rubbing 
the inside of the tube with a glass rod. Even every minute 
globules may be seen, when they have been flattened by 
pressing them with a glass rod against the inside of the tube. 
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Remarks.— The powder is most easily transferred to the tube, by 
alternately scooping it up with the mouth of the tube, and tapping 
the tube upon the table so as to shake the powder to the bottom. 

Or the powder may be poured upon a narrow strip of notepaper, 
which has been folded over into a trough, and the paper may be 
then pushed into the horizontal tube ; if the tube is now held erect 
and tapped, the powder will be easily transferred to the bottom of 
the tube without soiling the glass. 

Both the inside of the tube and the powder must be perfectly dry^ 
else particles will obstinately adhere to the inside of the tube and 
interfere with the detection of the metallic globules. 

The heating must never be commenced until the inside of the 
tube is perfectly clean. It is cleansed, if necessary, by means of a 
twisted slip of filter-paper or with a wooden match. 

If any drops of water condense on tne inside of the tube during 
the first stage of the heating, they must be removed by a piece of 
filter-paper. If, however, proper care has been taken in drying 
the powder, no moisture will be evolved from it. The escape of 
steam or gases from the powder is very undesirable, as it is likely 
to sweep uncondensed mercury vapour out of the tube. 

283. Heat a little Solid HgOl^ in a tube closed at one 
end ; the substance will sublime in white fumes, showing 
that mercury compounds are volatile. 


Lead (Pb). — Use Lead acetate, PbAg.SH^O, dissolved 
in dilute HA. 

284. HgP : black precipitate (PbS). This precipitate is 
often red if much hydrochloric acid is present in the solu- 
tion ; but the red colour changes to black when water is 
added and HjjS is passed, or when water is added. 

Filter, and show with separate portions of the precipitate 
that PbS is insoluble in KHO and in Am^S, but is soluble 
in boiling dilute HNO3; ajso that it is converted by boiling 
strong HNO3 into white insoluble PbSO^. 

285. HOI: white precipitate (PbOlg), which forms only in 
cold and strong solutions. Boil the precipitate with suffi- 
cient water : it will dissolve : but the PbOl, will separate 
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again in slender crystals, when the hot solution is slowly 
cooled. 

286. H2SO4 : white precipitate (PbS04). This precipitate 
is much less soluble in dilute HjS04 and in alcohol than it 
is in water ; hence the dilute H2SO4 should be added in 
excess to a pretty strong solution of the lead salt. 

Shake up the liquid, and pour it off* into two test-tubes ; 
let the liquid stand in each of these tubes and decant it 
from the precipitate. Show that the precipitate may be 
dissolved by pouring upon it HA, or H^T solution, and then 
adding AmHO in excess and boiling; show also that it 
dissolves in boiling strong HCl. 

287* Kj,0r04, or yellow precipitate (PbCr04). 

Pour off the liquid with the precipitate into two tubes, and 
show that the precipitate is soluble in KHO, but insoluble 
in HA. 

c 

288. Blowpipe-test on Charcoal. — Mix some powdered 
PbAj.SHjO with about twice as much NsjCOgin a cavity on 
a piece of charcoal, and heat the mixture in the inner 
blowpipe-flame (Exp. 88, no). A yellow incrustation will 
form upon the surface of the charcoal around the mixture, 
and small lustrous globules of Pb will be seen within the 
cavity. The incrustation is readily removed by heating it 
in the inner blowpipe-flame, and it colours the flame pale 
blue. 

Detach one of the metallic globules with the point of a 
knife, place it on the flat bottom of the inverted mortar, 
and strike the globule a smart blow with the pestle. It 
will flatten out without cracking or breaking into pow’der, 
showing that Pb is malleable and not brittle. 

If one of the cleansed globulestis fixed upon the point of 
a penknife, and is then rubbed with gentle friction on paper, 
it will mark the paper as a blacklead pencil does. 
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Bismuth (Bi). — Use Bismuth nitrate, 61(^03)3. 
dissolved in dilute HNO3. 

289. HgS : brownish-black precipitate (BijS3) : — 

2Bi(N03)3 + 3 H,S = Bi^ + 6HNO3. 

Decant most of the liquid from the precipitate; then 
shake up the precipitate with the remainder, pour some of 
the liquid with the precipitate into three test-tubes, and 
show that the precipitate is insoluble in Am^S and in KHO, 
but soluble in strong HNO3. 

290. AmHO, or KHO i white precipitate (BiHgOj), in- 
soluble in excess of the reagent. Pour off a small quantity 
of the liquid and precipitate into a test-tube, add much 
AmHO and warm : the precipitate will remain undissolved. 
Filter off the rest of the precipitate, and keep it for the 
reaction described in paragraph 29I. 

2goa. KHO and SnCl 2 . add KHO solution to SnC ]2 solution until 
the precipitate which forms at first is just redissoived, then add a few 
drops of Bi(N 03 )j solution t a black precipitate (BiO) will be formed. 

2*91. H3O. — Pour a few drops of boiling dilute HCl upon 
the precipitate which remained in the filter from par. 290, 
and allow the acid solution to drop from the funnel into a 
large quantity of distilled water. A milkmess will appear, 
which is due to the formation of BiOOl : — 

BiOl3 -h H ,0 = BiOOl + 2 HC]. 

Pour some of the milky liquid into two test-tubes ; add 
to one portion a little stropg HCl and warm it, the precipi- 
tate will dissolve ; to the other portion add H^T and warm, 
the milkiness will remain, differing in this way from that 
caused by SbOOl (328). 

If Bi is present in small quantity only, this milkiness 
will often not appear until the liquid has been stirred and 
then allowed to stand for a few minutes* 


II 
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A similar precipitate may be obtained by allowing the original 
bismuth nitrate solution to fall drop by drop into much water, but 
the nitrate is less completely precipitated than the chloride by mix- 
ture with excess of water. 

292. K2Cr04, or Kfitfij, added after some strong NaA 
solution, gives a yellow flocculent precipitate, Bi2(0r04)3. 
When KHO is added, the precipitate will not dissolve, differ- 
ing in this way from PbCrO^ ; it will dissolve, however, 
completely when HOI or HNO3 is added in excess. 

The addition of NaA in the above reaction is necessary in order 
to replace the nitric acid in the original solution by HA, since the 
precipitate is readily soluble in HNO3, but is insoluble in HA : 

NaA + HNO3 = NaNOs + HA. 

293. H,SO< : no precipitate : difference from Pb. 

294. Blowpipe-test on Charcoal. — Heat a mixture of 
powdered Bi{N03)3 and NajOOj in a cavity on charcoal in the 
inner blowpipe-flame. There will be seen around the cavity 
an incrustation which is orange-red while hot and yellow 
when cold. White globules of Bi will also be seen within, the 
cavity ; they are very brittle and will be easily crushed to 
powder by a sharp blow with the pestle ; ithey are too hard 
to mark paper (288)* 


Copper (Cu). — U se copper sulphate, CuS 04 . 5 H, 0 . 

p* 

Two classes of copper salts are known, which are commonly dis- 
tinguished as cupric and cuprous salts respectively. 

Cupric salts are usually blue, but some are green ; their colour 
commonly becomes very pale, or disappears, when the salts are 
thoroughly freed from water of crystallisation. 

Cuprous salts are usually whi te or colourless. Their acid solutions 
become coloured in the air; they yield a precipitate of white CU2I2 
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when they aie mixed with KI solution, and yield red CU.2O when 
they are mixed with KHO 

Cupric oxide is Hack, cuprous oxide is red. 

295. H,S : brownish-black precipitate (OnS). 

Filter, keeping the funnel carefully covered with a glass 
plate, since air quickly oxidises CuS to CuSO^ and the 
CuSO^ dissolves and runs through in the filtrate. 

Place some of the precipitate in five test-tubes and show 
that it is insoluble in KHO, in Am^S and in boiling dilute 
H2SO4, but that it is soluble in boiling HNO3 
KOy solution. 

296. AmHO, if it is added in a diluted state and in very 
small quantity, gives a greeniah-hlue precipitate. If more 
AmHO is added this precipitate dissolves, yielding an 
intensely blue liquid. The solution becomes light blue again 
when an acid is added in excets. 

297. KHO produces a pale blue flocculent precipitate, which be- 
comes black when the liquid is heated, 

297a. precipitate: difference fromPb. 


298. Potassium ferrocyanide, K4FeOyg : reddish-brown 
precipitate (CujjFeCyg), insoluble in HA ; the colour of this 
precipitate is best seen when the reaction is tried in a white 
porcelain dish. lu a very dilute copper solution only a red- 
dish colour is seen at first when the ferrocyanide solution 
is added. 

299. Fe. — Polish a piece of steel or iron wire or sheet, or 
the blade of a penknife, by rubbing it with sand-paper, re- 
move all grease by boiling i^ in a little dilute KHO ; then 
dip it into OUSO4 solution, which has been acidified with a 
few drops of H3SO4 ; the immersed surface will be gradually 
covered with a red film of Cu. 


300, Zu and Ft. — Place a piece of platinum foil or wire in 
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some CuSO^ solution, which has been acidified with in 

a porcelain dish or in a watch-glass, then drop a small piece 
of Zn upon the platinum : a red film of Cu will be deposited 
upon the platinum. 

301. Blowpipe-test on Charcoal. — If finely-powdered 
CuSO^.oHjO and Na^COj are mixed in a cavity on charcoal, 
and the mixture is then heated in the inner blowpipe-flame, 
red scales or globules of Cu are obtained. These are best 
seen after they have been washed by levigation (ill). The 
addition of solid KCy facilitates the smelting process and 
enables globules of copper to be obtained. 

302. A Borax-bead containing Cu is green while hot and 
blue when cold, after it has been fused in the outer blowpipe- 
flame. 

Fusion in the inner blowpipe-flame causes the bead to 
become red; it may even become colourless^ if very little Cu 
is present and the bead is long heated in a good reducing 
flame : the introduction of a small fragment of Zn or Sn into 
the bead aids this change. 

303. Flame-Ooloration. — If a loop of platinum wire is 
dipped into CUSO4 solution and is thei^ held in the inner 
blowpipe-flame or in the Bunsen-flame, it imparts a green 
coloration to the flame. 

The flame colpration shows a blue centre after the loop has 
been moistened with HCl, or if CuCl, solution was originally 
used. 
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Cadmium (Cd). — Use Cadmium sulphate, CdS04.4H20. 

304. HjjS : bright yellow precipitate (CdS). 

Boil off the H^S and pour the liquid containing the pre- 
cipitate into five tubes. 

Show with these separate portions that the precipitate 
is insoluble in Am^S, in KHO and in KCy solution, but 
is soluble in boiling dilute HNO3 boiling dilute 

H,SO,. 

Dilute the H^SO^ solution of the precipitate with much 
water and pass H^S for a short time ; yellow CdS will be 
reprecipitated. 

305. AmHO, if it is added in a very dilute condition and in 
small quantity, gives a white precipitate (CdUp^) ; when 
more AmHO is added, the precipitate will bo readily dis- 
solved. 

306. H2SO4 : no precipitate : difference from Pb. 

307. Blowpipe-test on Charcoal,— If powdered CdS04 
is mixed with Na^COg in a cavity on cWcoal, and the 
mixture is then heated in the inner blowpipe-flame, a brown 
incrustation will be seen on the surface of the charcoal 
around the cavity. 


Detection op One Metal in Group ILa., when it 

OCCURS ALONE. 

308. The following Tab^e of Differences serves to detect 
a single metal in Group II, a., when all other metals are 
absent. 
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across both pages. GroUP II.A.— 


Testa. 

Hg— salts. 

Pb— salts. 

For liquids 



1 . Pass HaS, or add HaS- 
water: 

Black precipitate ; Avhen fil- 
tered and well washed, in- 
soluble m boiling strong 
HNOs.and urwhm^ed bv it 
Confirm by(28i) in solution. 

Black precipitate; almost 
insoluble m boiling strong 
HNO3, changed by it Into 
white Pb804 

2. AddH 2 S 04 : 

— 

White precipitate. 

8 Add AmHO: 

White precipitate, insoluble 
in excess, is usually ob- 
tained. 

White precipitate, insoluble 
m excess 

Blowpipe reactions for 
solids. 

4 Heated with Na2C03 on 
charcoal in the inner 
blowplpe-flarae 

Test for Hg by ( 282 ) 

1 

Yellow incrustation ; white 
malleable globules. 


Separation and Detection of the Metals in 
Group II.a., when they occur together. 

309.* The following Differences are utilised 

1 . The solubility of Bi^S^, CuS, and CdS in strong boiling 
HNO3, in which HgS and PbS are insoluble* HgS and 
PbS remain as HgS and PbSO^ respectively after the treat- 
ment with hot strong HNO,. 

2 . The solubility of PbSO^ in a mixture of H^T with 
excess of AmHO, HgS being insoluble in this mixture. 

8. The solubility of CuH^Og and QjiHgOg, and the insolu- 
bility of BiHgOg in excess of AijfHO. 

4 , The solubility of CdS, and the insolubility of CuS in 
boiling dilute HjjSO^. 

The insolubility of CdS in KOy solution, in which CuS 
easily dissolves, furnishes another means of separating Cu 
from Cd. 



309 *310.*] DETECTION OF THE METALS. 


167 


Table of Differences. 


Bi— salts. 

Cu— salts 

1 

Cd—salts. 

Black precipitate ; soluble 
in boiling stiong HNO 3 
to form a colourless solu- 
tion. 

Black precipitate ; soluble in 
boiling concentrated HNOs 
to form a blue solution; 
insoluble in boiling dilute 
H3SO4. 

Yeilow precipitate ; soluble 
in boiling HNO3, and in 
boiling dilute H^04 . 

White precipitate, insoluble 
in excess. 

Confirm by (291). 

Blue precipitate, easily sol- 
uble in excess to a deep I 
blue liquid. 

White precipitate, easily 
soluble in excess. 

Orange red incrustation ; 
white bnitle globules. 

No incrustation ; red metallic 
scales 

Confirm by (302, 303). 

Bratm incrustation; no glo- 
bules. 


After each metal has been separated, its presence is then 
confirmed by some special test. 

310.* A Solution which may contain the Metals of 
Group II.A. is first made acid, if it is not already so, by 
adding to it HCl. Whether the liquid is clear or not, 
is then passed through it for about five minutes, and the 
precipitated sulphides are filtered off. 

The clear filtrate is either mixed with H^S-water, or it is 
diluted with a little water and H^S is passed through it 
again for a short time, in order to ascertain whether the 
metals have been completely precipitated from the original 
solution. - 

If no further precipitate is produced, the filtrate may be 
rejected, But in case causes further precipitation, the 
gas is passed for some time longer and the liquid is then 
poured again through the filter. The filtrate is rejected 
only when H^S no longer produces any precipitate in it. 
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The precipitate is then examined by Table II. (1024) 
commencing at Group 11a. Copper Group (l025)> using 
only the left-hand side of the Table. 


GROUP II.B.— ARSENIC GROUP. 

311. This Group includes As, Sb, Sn. 

The metals of this Group differ from metals of Group III.A , 
III.B., IV., and V., by being precipitated as sulphides by HgS from 
a solution which has been acidified with HCl. They differ from 
metals of Group I. by not being precipitated by HCl. 

The sulphides of the metals of this Group differ from those of the 
metals in Group II.A. by being soluble in AmgSn and in KHO. 

Each metal of this Group forms two series of compounds. These 
compounds resemble each otheif in many reactions, but they present 
certain differences which serve to distinguish them. The two classes 
are conveniently distinguished by the terminations -ic and -ous, as in 
the two classes of mercury and copper salts : thus we speak of arsenic 
acid and arsenioii^ acid, and of stanmws and stann/c chloride 

The Reactions of the Rarer Elements of this Group, Au, Ft, Mo, 
Se, Te, are given in paragraphs 352-378. 


Arsenicum (As). — Use Arsenious oxide, As^O^, and 
Sodium arsenate, Na,HAs04.12H20. 

The Arsenious compound, ASj^Oj, is dissolved by boil- 
ing it for some time with water ; the Arspnzc compound, 
Na,HAs04.12Hj,0, is also dissolved in water. 

312. The tests described in pawgrapbs 313-321 give the same 
ultimate results with an arsenic compound as with an arseniows com- 
pound. As a rule, however, the reactions proceed slowly with an 
arsenfc compound, since the first stage consists in the conversion 
of the arsenic compound into an arsenioiia compound. 

An arsenic compound is converted into an arseniowii compound by 
boiliog it with H2SO3 solution, with strong HCl, or with some other 
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reducing agent. An arseni(; 24 « compound 4s converted into an arsenic 
compound by heating it with HNOg, or with some other oxidising 
agent. 

313. H^S produces only a yellow coloration in neutral 
solution of an arsenious compound. But if the solution is 
acidified with a few drops of HOI, a light yellow flocculent 
precipitate (As^Sg) will form immediately even in the cold. 

Filter off some of the As^^Sg, and show that it is insoluble 
in boiling strong HCl. 

Pour some of the liquid containing the precipitate into 
two test-tubes, and add gradually KHO and Am^S respec- 
tively ; each of these solutions will completely dissolve the 
ASgSg. The As^Sg may be reprecipitated from these solu- 
tions by the addition of HCl in excess. 

In cold acidified solutions of arsenic compounds H^S pro- 
duces no precipitate. But it strong HOI is added and the 
solution is boiled, HgS will produce a precipitate of white S 
and then one of yellow AsgSg, when it is passed for some 
time into the boiling liquid. 

The complete precipitation of arsenic solutions by H^S is 
most rapidly effected, if they have been first converted into 
the arsenioi^s state. This may be effected by adding H^SOg 
to the boiling arsenic solution until it smells persistently of 
SOg, and th^n boiling the liquid until SOg is no longer 
smelt. The^arsenious compound thus produced may then be 
readily and completely precipitated by HgS in the cold solution. 

314. Eeinsch’s Test. — Several narrow strips of sheet 
copper are cleansed by means of sand-paper, or by dipping 
them into strong HNOg. They are then boiled in the 
arsenious solution, which has been previously acidified by 
dilute HCl. The surface ef the copper will soon be coated 
with a dark grey film of ASgCu^. 

The strips are carefully removed from the liquid, rinsed, 
and gently pressed between filter-paper ; they are then dried 
by heating them in the steam -oven, or by holding them 
in the fingers and heating them gently over the flame. The 
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dry strips are then gradually heated over a very small flame 
in a warm and dry test-tube. A white sublimate of As^Og 
will form on the upper part of the tube. 

A much more characteristic sublimate will be obtained, if 
moisture is entirely removed from the copper strips and from 

the tube, and if the sublimation 
is then effected very slowly, and 
while the sides of the tube are hot. 
This sublimate will be sparkling 
and crystalline; and if the crystals 
are examined under the micro- 
scope, they will beseen to be trans- 
parent, colourless, regular octahe- 
dra and tetrahedra (fig. 09 ). The 
formation of these crystals under 
the above conditions is a most 
valuable confirmation of the pre- 
sence of As. 

The sublimate of As^Og may 
be dissolved in a little boiling water, and the presence of 
As may be confirmed by applying tests 313 and 323 to this 
solution. 

The presence of As in the original grey deposit upon the Cu should 
always be coniirmed by one of the above methods, since other 
metals may be deposited as grey films on Cu. 

Reinsch's test will serve for the detection of arsenfic compounds, 
^fter their solutions have been reduced to arsenious compounds by 
being mixed with strong HCl or with HgSOg solution and boiled. 


Fig. 69. 



Crystals. 


Tests which depend upon the Fojimation op Arsenic 

HYDRIDE (^sHg). 

The following tests (315-319), which depend upon the formation 
of very ifoifiOTumn AsHg gas, should be performed in a closet provided 
with a good draught : this precaution is necessary in order to guard 
against any of the gas being inhaled. 

315, Hofinann’s Test. — Pour dilute HCl upon some 
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Zn in a small hydrogen-flask, fitted as is shown in 
fig. 70. 

The hydrogen may be washed, as it escapes, by letting it bubble 
through some water contained in the second flask, but this is not 
necessary. 

Allow the hydrogen to pass through some AgNOj solution 
contained in a test-tube. If the Zn and acid are free from 


Fia. 70. 



Hofmann’s Aesenic Appaeatus. 


^s, as they should be, no precipitate or colour will be pro- 
duced in the AgNOg solution. 

Now pour a little As^Og solution down the funnel into 
the hydrogen flask ; a black precipitate of Ag will form in 
the AgNOg solution. 

This precipitate is produced by the AsHg, which is formed by the 
action of the nascent hydrogen upon the AsgOj : — 

As.Pj + 12H = 2 ASH 3 + 3 H 2 O. 

The AsHg, on passing inlR) the AgNOg solution, reacts thus 
AsH^ + eAgNOa + SHjO = 6Ag + HjAsOj + 6HNOa. 

It will be seen that Ag is precipitated, while HgAsOg remains in 
solution. 

As soon as a copious precipitate has been obtained, the 
test-tube is removed. 
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It will be best to set aside the test-tube with its contents to be 
examined afterwards, and to proceed at once to use the gas, while 
it is being briskly evolved, for reactions 316 and 317. 

The liquid in the test-tube is filtered ; the precipitate is 
rejected, and several drops of AgNOg solution are added to 
the clear filtrate. Some very dilute solution of ammonia 
is made by pouring several drops of AmHO solution into 
a test-tube, then nearly filling up with distilled water and 
inverting the tube. When this solution is mixed drop by 
drop with the filtrate, a light yellow precipitate (AgjAsOj 
or AgjHAsOg) will be obtained. 

In order to explain the formation of this precipitate, it must be 
remembered that the solution contains H3ASO3 in the presence of 
AgNOj and of HNO3 ; and further that AgNOg forms a yellow preci- 
pitate with H3ASO3 if no free acid is present in the liquid (323). 
The formation of this precipitate is prevented by the HNO3 ; but 
when sufficient AmHO is added to neutralise the free HNO3 which 
is already piesent, as well as that which is formed by the action of 
AgNOg on HjAsOg, the yellow firecipitate will appear : 

HjAsOj -f SAgNOg + 3 AmHO= AggAsOj -f SAmNOg + SHp 

This precipitate (AggAsOj) is, however, readily soluble in AmHO ; 
hence it is necessary to use lenj ddnte AmHO and to add it gradually 
in order to avoid excess, since if excess of AmHO were added the 
precipitate would be prevented from forming. 

316 . Marsh's Test. — Disconnect the flasks (fig. 70), and 
slip into the rubber joint a tube of hard-glass about four 
inches in length, supporting it on the ring of a retort-stand 
(fig. 71). Then pour in a little strong Hdl through the 
funnel-tube. 

Caution.— If the experiment is performed as is here directed, the 
hydrogen will have been already evolved for some time for the pre- 
vious test (315)1 and will have expelled all the air from the flask. 
There will therefore be no risk of an explosion occurring when the 
gas is lighted. 

But if the hydrogen is being produced for the first time, or if the 
flask has been opened or recharged, allow the gas to escape briskly for 
four or five minutes ; and then ascertain that a test-tube, filled with 
the gas, burns quietly, before proceeding to kindle the gas at the jet. 
In any case it is well to cover the flask with a cloth before the hydro- 
gen is kindled, in order to guard against any risks from an explosion 
(34). 
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Now light the hydrogen as it escapes from the jet (fig. 71). 
The flame will be seen to differ from that of pure H by Its 
livid blue colour, and by its evolution of white fumes of 
As^Og. If these appearances are not noticed, there is not 
sufficient arsenic solution in the flask. A little more of the 
solution must, therefore, 
be poured in through the 
funnel-tube, 

Press down upon the 
flame the inside of a porce- 
lain crucible lid or of a 
porcelain crucible or dish. 

A dusky black film of As 
will be deposited upon the 
cool surface. Two porce- 
lain surfaces should be thus 
stained with As. 

Pour upon one of these 
stains some freshly made solution of bleaching-powder ; the 
stain will be rapidly dissolved. 

Warm the second stain of As with Ara^S. It will dis- 
solve, and the solution will leave yellow As^Sj when it is 
gPowly evaporated. 

317 . Decomposition of AsHg by Heat. — Pour a little 
more strong fiCl into the flask (fig. 71), if necessary, in 
order to causjp the hydrogen to come off rapidly. Light the 
gas at the jet, and heat a point near the middle of the tube 
strongly (fig. 71). A black mirror of As will form just 
beyond the part which is heated by the flame. The flame 
burning at the jet will meanwhile become colourless, showing 
that the arsenic has been removed from the hydrogen. 

Heat another point in the tube, so as to produce a second 
I mirror ; then divide the tube between the mirrors. 

Dissolve one mirror, when it is cold, by warming it with 
some fresh solution of bleaching-powder in a test-tube. 

Heat the other mirror gently in a test-tube held obliquely 
in the flame ; if the sides of the tube have been first heated, 


Fig. 71. 



Marsh’s Arsenic Mirror. 
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a crystalline sublimate of As^O^ will be obtained (fig. 69 , p. 
170 ). Dissolve the cold sublimate in a little hot water and 
confirm the presence of As by trying reactions 313 and 
323 on the solution. 

318. Hg01„ solution is coloured by contact with AsHg. 

Eemovethe cork from the larger flask (fig. 70 , p. 171 ) and 

push a plug of cotton-wool into its neck, in order to stop any 
spirting frem the liquid in the flask. Then cover the mouth 
of the flask with a small piece of filter-paper, which has 
been moistened with HgCl^ solution ; the paper will become 
coloured, first yellow and then brown. 

If paper moistened with AgNOg solution is substituted 
for the above papef , it will be blackened (315). 

319. Fleitmann’s Test. — Boil some pieces of Zn in KHO 
solution : H will be slowly evolved, and will be free from 
odour. If a little ASgOg sj>lution is now added and the 
liquid is again boiled, a garlic odour will be perceptible ; 
the odour will be caused by the evolution of AsHg : — 

rZn + 2KHO == Hg + ZnKgOg. 

\ ASgOg -f 12H = 2AsHg + 3H,0. 

If a small piece of filter-paper, which has been moistened 
with AgNOg solution, is placed on the mouth of the tube 
while the liquid is being boiled, the paper will be stained 
black by the separation of Ag (315). 

An arseni (7 compound must be reduced, by being boiled with 
H 2 SO 3 , before the above test is applied. 

Sb compounds do not give the above result j the test therefore 
serves to distinguish between As and Sb. 


Reactions op Solid Arsenic Compounds, 

320. Mirror of As by Reduction.— Dry some finely- 
powdered substance containing As thoroughly in the steam 
oven, and mix it intimately in a mortar with about four 
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times its measure of a freshly ignited mixture of KOy and 
NagOOg. Heat this mixture in a little bulb-tube of hard 
glass (fig. 72), or in a narrow test-tube about three inches in 
length, carefully observing the precautions mentioned in 


Fig. 72. 



Arsenic Mirror prom Solid Arsenic Compound. 

paragraph 282 , A black mirror of As will form on the 
cooler part of the tube (b), and a smell of garlic may 
usually be detected at the mouth of the tube. 

If the bulb is cut off and the mirror is gently heated in 
a test-tube, the As will be converted into a white sublimate 
of As^g, or into transparent octahedral crystals of the 
oxide (fig. 69, p. 170). 

321. Blowpipe-reaction on Charcoal.— Mix a solid sub- 
stance, containing As, with Na^COg and KCy, and heat the 
mixture on charcoal in the inner blowpipe-flame. The flame 
will be coloured livid hlite, unless this tint is overpowered 
by the yellow sodium coloration. A smell of garlic will be 
noticed when the charcoal is removed from the flame. 

322. Heat a little Solid As^Og in a small ignition-tube ; 
it will be readily sublimed. If the As^Og is perfectly dry 
and it is sublimed very slowly after the upper part of the 
tube has been first heated in the flame, the sublimate will 
sparkle, and when ilb is examined under the microscope, it 
will be seen to consist of octahedral crystals (fig. 69, p. 170). 
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DisI'INCTIVE tests foe AIlSEN /0175 AND ARSEN/C COMPOUNDS. 


Reagent. 

Arsen^otts compound 

Use AS2O3 dissolved in H.2O. 

Arsenic compound 

Use Na2HA804.12Ho0 
dissolved in H2O 

323. AgNOs ; 

several drops 
only are added. 

1 

1 

1 

Light yellow precipitate 
(AggHAsOs or AggAsOg) : 
this precipitate foi ms 
onlywlien a little dilute 
AmHO IS added carefully 
drop by drop * show 
that it IS dissolved by 
AmHO and by HNOj. 

Brown precipitate 
(Ag3As04) ; show 
that it is soluble 
in AmHO and 111 
HNO3. 


The precipitate is also appre- 
ciably soluble in AmNOg 
hence, if too much AiuHO 
has been added, the precipi- 
tate will not always foim 
when the liquid is neutral- 
ised with HNO3 


324. CUSO4 ; 

several diops 
only aji* 

added. 

Yellowish-green precipitate 
(Cu"HAs 03): this preci- 
pitate foiins only when 
dilute AmHO is added 
carefully, diop Ity diop : * 
show that it is soluble in 
Am HO and in HNO3. 

Pale green precipitate 
(CUHASO4): soluble 
in Am HO and 111 
HNO3. 

325. CuSOj ; 

two drops 

added, and 
then some 

KHO. 

The above yellowish-gieen 
precipitate is first pro- 
duced, but when more 
KHO is added the preci- 
pitate dissolves to a clear 
blue liquid, and this de- 
posits red CujO when it 
is boiled. 

No clear blue solu- 
tion is obtained, 
and no CU2O is 
produced w'hen the 
liquid IS boiled. 

326. AmCl, 
AmHO, and 
MgSO^: 

No precipitate. 

• 

White crystalline pre- 
cipitate (MgAniAs04): 
if this IS fltered oit, 
and then moistened 
with AgNOg solu- 
tion on the filter, 
it assumes a hrovm 
colour (323). 


* When AS2O3 is dissolved in water, it yields H3ABO3 ; and this acid cannot 
give the Ag3As03 precipitate when AgNu3 is added, because this decom- 

g isition would lead to the formation of HNO3, in which AgsAsOs is soluble. 

ence the addition of AmHO is necessary In order to prevent the formation 
of nitric acid. But since the precipitate is also soluble in AmHo, this reagent 
must be added carefully in quantity only Just sufficient to neutralise the acid. 
This is best effected by using very dUute AmHO, which has been made by 
pouring a few drops of AmHO into a test-tube, then filling the tube two-thirds 
with dUtilled water, closing it with the thumb, and inverting it for a moment. 
This dilute AmHO is to 1 ^ added drop by drop, shaking or stirring the test 
solution after each addition, until the precipitate is obtained. 



327 - 329 .] 


REACTIONS OP THE METALS. 


177 


Antimony (Sb). — Use Antimony chloride, SbOlg, 
dissolved in dilute HOI. 

Antimoni^ and antimon^owa compounda give results, which are 
ultimately identical, in the following reactions (327-335), with the 
exception of reaction 328. After these reactions, which are common 
to Sb in both its sets of compounds, two are given which are dis* 
tinctive of the two classes of compounds (336, 337), 

327. HgS : orange-red precipitate (Sb^Sg). Pour off the 
liquid with the precipitate into three tubes, and show that 
the precipitate is dissolved when it is warmed with pure 
KHO or with Am^S, but is reprecipitated from these solu- 
tions when HOI is added in excess. Show also that the 
precipitate is soluble in boiling strong HCl. 

328. H,0 . — When SbClg solution is poured into much 
water, it yields a white precipitate or turbidity (SbOCl)* 
This precipitate is redissolved, Vhen HCl is added to the 
liquid and it is heated ; it is also readily soluble in H^T. 
The solubility of SbOCl in H^T distinguishes it from the 
similarly formed BiOOl precipitate (291). 

•329. Zn and Pt. — If the acid solution of SbClj is poured 
upon some platinum-foil in a porcelain dish, and a small 
piece of Zn is propped upon the foil, the platinum will be 
rapidly coated with a black deposit of Sb. If the foil is 
rinsed with waiter and is then heated in boiling HCl, the 
stain will remain undissolved ; but it will be rapidly removed 
by heating the foil in boiling HNO3. 

The formation of a slight grey or brown stain on the Pt 
is no evidence of the presence of Sb. The presence of Sb 
in the stain may be proved by dissolving it in a little boil- 
ing dilute HNO3, dil'iting •the cold solution, and then 
passing H^S through the solution and allowing it to stand 
at rest for some time, when red Sb,Sj will settle down. 


12 
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GROUP IT.B— ANTIMONY. 


[ 330 - 332 , 


Tests which depend upon the Formation op 
Antimony Hydride. 

SbH3 may be generated by pouring Sb-solution into a hydrogen- 
apparatus, as is directed in paragraphs 315-318 for an arsenic 
solution. Antimony hydride (SbHg) is evolved. This gas differs 
from AsHg by being free from smell and from poisonous properties, 
and also in the respects mentioned in paragraphs 330-333 • 

330. If SbHa is passed into AgNOg solution (315), it 
produces a black precipitate (SbAgg) : — 

SbHg + 3 AgNOg = SbAgg + 3HNOg. 

Filter off this precipitate, and reject the filtrate, which 
will contain no Sb. 

Wash the precipitate of SbAgg four or five times with 
boiling water upon the filter. Then pour upon it boiling 
dilute H,f solution, which will dissolve the Sb. Eeceive 
the liquid in a test-tube, boil it, and pour it once more 
upon the filter. Now add HOI to the liquid, filter if neces- 
sary from AgCl, and pass HgS into the acid solution ; orange- 
red SbjSj will be precipitated. 

331. A Stain of Sb on Porcelain, which has been pro- 
duced in the manner already described in paragraph 316, 
differs from the As-stain by presenting a dead surface and 
by being insoluble in solution of bleaching-powder. Also 
when the stain is dissolved by warming it wth Am^S, and 
the solution is evaporated by a gentle heat, a residue of 
orange-red SbgSg is left. 

332. The Sb-mirror, obtained as is described in para- 
graph 317, differs from the As-mirror by being formed 
much nearer to the flame and on tfoth sides of the heated 
part of the tube. This provis that Sb is less volatile than 
As. The mirror may further be distinguished by the test 
which is described in paragraph 331. 

The sublimate of Sb^Og, which is produced by heating this 
mirror in the air, differs from the corresponding arsenic 
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sublimate (317) by being insoluble in boiling water. The 
sublimate may, however, be dissolved in a little boiling HCl, 
This acid solution yields an orange-red precipitate (Sb^Sg) 
when HgS is passed into it ; whereas the solution o£ the 
As^Og sublimate yields yellow under similar conditions. 

333* HgCl^. — If SbHg is allowed to act upon filter-paper moistened 
with HgCl2 solution, as is described in paragraph 318, it produces 
only a greifUh-hrown stain, and this is not a characteristic result, 

334. Zn and KHO — If a solution containing Sb is boiled with Zn 
and KHO, it does not evolve SbHg ; hence the escaping hydrogen 
does not stain paper moistened with AgNOj solution (319), This 
test serves to distinguish As from Sb in its compounds. 

Tests for Solid Compounds of Sb, 

335, Blowpipe-test on Charcoal, — Mix a little solid 
substance containing Sb in a cavity on wood -charcoal with 
Na^COg and KCy, Heat the mixture in the inner blow- 
pipe-flame, A white incrustjfbion will be formed on the 
charcoal ; and white globules of metallic Sb will be obtained, 
which are extremely brittle (288). The flame will also be 
coloured pale blue, unless this tint is concealed by the yellow 
sodium coloration, 

tWhen the melted Sb globules are withdrawn from the 
flame, they will emit a white smoke and become coated with 
sharp white crystals of Sb^Og, 


For the Distinctive Tests for Antunonious and Antimonio com- 
pounds (336, 33^) use SbClg solution, and solution of potassium 
antimonate in water respectively. 


t 

Reagent, 

Antimontous, 

Antimonic. 

336. Add excess of 
KHO, then AgNO| 
solution: 

937. Addeacessof 
HCl and warm; 
then pour in a 
little Kl solution: 

A dark-coloured precipitate 
which when shaken after 
addition e}f AmHO leaves 
black AgiO undissolved. 

No iodine Is set free ; this is 
proved by the liquid re- 
maining colourless, even 
after it has been cooled 
and mixed with freshly- 
prepared starch solution. 

A brown precipitate, which 
dissolves entirely on ad- 
dition of AmHO, 

Iodine is liberated, giving a 
brown colour to the Uquid 
and yielding a deep blue 
colour when starch solu- 
tion is added to the oOld 
Uquid, 
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Tin (Sn) — Stannosum and Stannicum. 

Use Stannous chloride, iSnCl^.SH^O, and Stannic chloride, 
SnCl^, dissolving each of these salts in dilute HCl. 

The reactions 338 and 339 give ultimately the same results with 
both siAnums and stannic compounds. Reactions 340, 341, and 342 
serve to distinguish stannous from stannic salts, and to detect 
stannous salts in the presence of stannic salts. 

338. Zinc, when it is immersed in the solution of a tin- 
salt which has been acidified with HCl, becomes coated 
with a spongy mass of Sn. Sn is often precipitated in thi 
reaction in beautiful crystals. 

The Zri should be allowed to remain for some time in the 
solution, which is contained in a small porcelain dish ; the 
reaction is hastened by the application of a gentle heat. 
Tlie deposition of Sn fromc SnCl^ takes place much more 
rapidly than from SnOl^. 

If the Zn rests upon platinum-foil in the solution, the Sn 
will be deposited in a spongy state on the Zn and will not 
stain the platinvm hlack, Sn differs in this way from Sb. 

In general analysis the deposit on the Zn may consist of 
other substances besides Sn. It should, therefore, be removed 
by rubbing and washing the Zn in some water in the porce- 
lain dish ; and the deposit may then be rinsed into a narrow 
test-tube, and dissolved in a little boiling strong HCl. 
This solution will contain SnCI^, which will yield with 
HgClj solution a white precipitate of Hg^Cl^ {280, 341)* 

Since the precipitation of HggClg depends upon the formation of 
SnCl2 and its presence in the acid solution, and since SnCl^ is 
readily converted in the acid liquid iato SnCl^ by oxidation, pre- 
cautions must be taken against exposing the acid solution freely to 
the air. It will usually suffice to dissolve the deposit quickly in a 
narrow test-tube, and to proceed at once to add the HgCJ2. 

339. Blowpipe-test on Charcoal. — Mix any solid com- 
pound, containing Sn, with powdered Na^COg and KCy, and 
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heat the mixture on charcoal in the inner blowpipe-flame. 
A slight white incrustation will be obtained, together with 
white particles of metallic Sn which are with difficulty fused 
into globules. 

The globules of Sn are malleable ; they differ from those 
of Pb by their greater hardness, which prevents them from 
marking paper. Refer to paragraph 288 for a description 
of the methods of testing these globules. 


Distinctive Reactions for Stannoit^ and Stann/o 
Compounds. 


Test. 

Stannotti. 

Use SnCl2.2H20 dissolved In 
dUute HCl. 

Stannic. 

Use SnCli tn dilute HCl* 

340. PassH^S: 

Dark brown precipitate * 
(SnS) : soluble ,m KHO 
and in yellow Ain^S on 
heating ; re-precipitated 
by IICl, from the KHO 
solution as brown SnS, 
from the Am^S solution 
as yellow SnSj. SnS 
IS insoluble in colourless 
AmjS. 

Yellow precipitate * 
(SnSj), often form- 
ing only when the 
liquid is heated : 
soluble in Am^S 
(both yellow and 
colourless) and in 
KHO on heating, 
re-precipitated by 
HCl as yellow SnS, 
from both solu- 
tions. 

341. HgCl^: 

White precipitate (Hg^Cl j) ; 
turns grey on being boiled 
if the SnCL is in excess 
(280) 

No precipitate. 

342 AuCl,: 
added after a 
drop of Br- 
water; 

Purple or dark broimpred- 
pUate of “Purple of Cas- 
sius.’* 

No precipitate. 


Both SnS and SnS2 are readily soluble in boiling strong HCl, 
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Detection of One Metal in Group II.b., when 

IT OCCURS Alone. 

343. The Tests in the following Table of Differences answer for 
these metals in both their sets of compounds : for distinctive tests 
see the preceding reactions (323-326 : 336, 337 : 340-342). 

No. 3 may be omitted, unless decisive results have not been 
obtained by 1 and 2 . No 4 is for solids only. 



For liquids. 


1. Pass H 2 S into 
the solution 
acidified >vith 
HCl and heat ; 
if no precipi' 
tate forms heat 
to boiling:, »ud 
again pass H^S 


a HCl and Zn on 
platinum: 


a Zn and HCl : 


Yellow precipi- 
tate, insoluble 
in boiling 
strong HCl . 

Arsenic com| 
pviunds give 
this precipitate 
only on boil- 
ing: arsenicms 
in the cold. 

AsHs evolved, no 
stain on the 
platinum. 


AsE* gas is 
evolved, which 
if passed into 
AgNOaSolutlon 
gives a black 


precipitate of 
Ag, HsAsOs be- 
ing left in solu- 
tion; on adding 


tlon; on adding 
dUute AmHO 
to this solu- 
tion, yellow 
AgsAsO* is pre- 
cipitated. 


Orange red precU 

f itate, soluble 
n boiling 
strong HCl . 


Black stain of 
Sb on the pla- 
tinum. 


SbEz gas is 
evolveo, which 
if passed into 
AgNOsSolution 
gives a precipi- 
tate of AgsSb, 
from which hot 
H 2 T solution 
dissolves Sb; 
H^ gives in 
this solution 
after adding 
HCl orange- 
red Sb 2 Ss . 


Brown pre- 
cipitate with 
stannous : 

Yellow pre- 
cipitate with 
stannic • 

Both soluble in 
boiling strong 
HCl. 


Sn deposited on 
the zinc, no 
stain on the 
platinum. , 

5nis draositedon 
the Zn strips: 
and if dissolved 
in boiling HCl 
gives a white 
precipitate on 
addition of 
HgCl,. 


For solids, 

4 . Heat with ATo metallic glo- metallic 

and bules; smefi of globules, white 

KCv on char- garlic. uicrustatlon. 

coal in the Confirm by heat- 
inner blowpipe Ing same mix- 

flame. ture in an 

^ition tube 

S><>). 


aaiwcaaiiv 

globule8,white 

mcrustatlon. 


Malleable metal* 
lie globules and 
slight white in- 
crustation. 
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Separation and Detection of Metals in Group II.b., 

WHEN THEY OCCUR TOGETHER. 

344.* The following Differences are utilised : — 

1. The solubility of Sb^Sj, SnS and SnS^ in hot strong 
HCl, in which As^Sg is insoluble. 

2 . The difference in the reaction of Zn and HCl upon the 
solutions, and of SbHg and AsHg upon silver nitrate solu- 

tiott (315. 330). 

3 . The difference in the products of fusion with Na^CO, 
and KNO3 (347). 

4 . The action of Zn and Pt in the presence of HCl upon 
the solution, Sb staining the platinum and Sn being de- 
posited upon the Zn (329, 338). 

For the Separation and Detection of As, Sb and Sn, 

when they aie mixed, several methods are in use. The 
most trustworthy are those introduced by Hofmann (346) 
and by Fresenms (347). The method described in par ,1345, 
which is more simple and can be much more rapidly carried 
out, may, however, be generally employed. 

First Method. 

345.* From a Solution which may contain As, Sb, and 
Sn, these metals are first precipitated as sulphides by passing 
HgS into the acidified solution. The sulphides are then 
filtered off, and the filtrate is again tested by passing H,S 
through it and warming, in order to see whether the precipi- 
tation has been complete. When no further precipitate is 
produced by H^S the pr<fecipitated sulphides are examined 
in the following manner, the procedure being based on 
differences 1 and 4 ( 344 )- 

The precipitate produced by H^S is filtered off, and is then 
allowed to (jrain for some time upon the filter in the funnel, 
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It is best to drain it still further ; this may be eflfected by 
the filter-pump, or by opening out the filter, and spreading it 
upon a pile of three or four cut filter-papers. The precipitate 
is then removed to a small porcelain dish, and is heated 
for some time, nearly to boiling, with strong fuming HOI. 
The liquid is then cooled and filtered : — 


The Residue will 
consist chiefiy of 
AsgSg, which is 
almost insolable 
in strong HCl. 

Dry the washed re- 
sidue on the filter 
at a gentle heat, 
then mix it with 
threeor fourtimes 
as muchpowdered 
KCy and NaaCOg, 
and heat the mix- 
ture in a small 
bulb-tube, remov- 
ing any drops of 
water inside the 
tube by a twisted 
piece of filter- 
paper ; a black 
mirror (320) ; — 
Presence of As. 


The Filtrate may be examined for Sb and Sn 
by either I. or II. below : — 

I. Place a piece of platinum-foil in a porcelain 
dish and pour the acid filtrate upon it, and 
touch the foil with a piece of Zn ; H will 
come off with effervescence, and if either at 
once or after a few minutes a black stain 
appears upon the platinum i\xe presence of Sh 
is indicated.* 

The platinum-foil is removed and pieces of 
Zn are placed in the liquid ; as soon as the 
bubbles of H cease to be given off, Zn still 
remaining undissolved, remove the pieces of 
Zn, rubbing and rinsing any dark deposit 
back into the dish ; let this deposit settle, 
decant the liquid and heat the solid deposit 
with strong HCl for several minutes in a 
test-tube, dilute with a little water, filter lE 
necessary, and add a few drops of HgClg 
solution ; a white or grey precipitate (280 
341) indicates : — Presence of Sn. 


^ote.— The AS2S3 may 
also be dissolved by 
heating with a little 
fuming HNO3. The ex- 
cess of HNO3 is boiled 
off and As detected as 
H3ASO4 by addi^AmCl, 
excess of AmHO and 
Mg804(326); or by add- 
ing AgNOs and then 
cautiously neutralising 
with AmHO (323). 


II. The acid filtrate is poured into a little 
hydrogen fiask (fig. 71, p. 173), in which H 
has been coming off briskly about five 
minutes, being produced by the action of a 
little strong HCl upon some pieces of Zn. 
The H is lighted at the jet, and the inside ot a 
small porcelain dish or crucible lid is pressed 
down upon the flame ; a black stain, which 
is not dissolved by solution of bleaching- 
powder, shows : — Presence of Sb. 

The residue in th# flask is tested for Sn, 
as is directed ip the latter part of I. (above). 


* The Sb thus deposited on the Pt may be rinsed and then dissolved 
by heating the foil in a test-tube with a little very dilute HNO3 > 
this solution is cooled and diluted, and H2S is passed through it, an 
pran^e-red precipitate wUl be formed, confirming the of Sh, 
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Second Method. 

346.*^ Hoftnann’s Method. — The sulphides, which have been pre- 
cipitated as IS directed in paragraph 345, are warmed with a little 
strong HCl, and a small crystal of KClOj is occasionally dropped in 
until solution is complete. The warming of the liquid is then con- 
tinued until no smell of Cl is evolved. 

This solution of the metals is then poured into a suitable flask, 
in which H is being generated by the action of HCl upon pure Zn 
(% 70, p. 1 71). Sn (Au and Pt) will be deposited upon the Zn, while 
As and Sb will be evolved as AsHj and SbHj gases. These two 
gases are passed into AgNOj solution, and yield soluble HgAsOj and 
insoluble Ag^Sb. 

The AgNOg solution, containing the black precipitate, is filtered r — 


Precipitate : wash this well upon the 
filter, and pour upon it some boiling 
HgT solution. Boil this liquid again 
and pour it several times on the 
filter. Now add HCl and pass 
HgS ; a red coloration or precipitate 
indicates ; — 

Presence of Sb. 


Filtrate: add to this some 
very dilute AmOH, drop 
by drop, with constant mix- 
ing by stirring or shaking ; 
a pale yellow flocculent 
precipitate indicates : — 
Presence of As. 


The Deposit of Sn is removed from the Zn in the flask, and is 
watjhed. It is then dissolved by boiling it with a little strong HCl 
in a narrow test-tube. For the examination of any residue here, 
refer to paragraph ^1073 tested for. The 

solution in HCl is at once diluted and is tested for SnCl2 by the 
addition of HgCl^ solution : a white precipitate, possibly turning 
grey (280, 341), shows : — Presence of Sn. 

A further test is made, if necessary, upon the original solution 
in order to ascertain whether the tin was present as stannous or as 
stannic salt (340-342). 


Third Method. 

347.* This method depends upon the fact that fusion with NaaCOg 
and NaNOg converts AS.2S3 into soluble Na2HAs04, SbgSg into in- 
soluble NaaKaSbaO*;, and SnSa into insoluble Sn or SnOa- 

The Sulphides, which have been precipitated as is directed in 
paragraph 345, are dried on the filter, and the precipitate is well 
itti^ed with e^ual weights of powdered NagCOg and NiiNOg. 
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If the quantity of the precipitate is very small, the part of the 
paper which contains the precipitate is cut up into small pieces* 
and these are treated as is directed for the precipitate. 

This mixture is dropped in small quantities at a time into some 
NaNOg, which is fused in a small porcelain crucible over a Bunsen- 
flame. When the powder has all been added, the crucible is heated 
sufficiently to keep the mixture melted for a few minutes, and the 
liquid mass is then poured into a small dry porcelain dish. 

As soon as the substance has cooled, cold water is poured upon it 
in the dish, and water is also poured upon the residue which adheres 
to the inside of the crucible. The solid substance is allowed to soak 
in both vessels for some time with occasional stirring, crushing it 
by pressure with a pestle if it does not easily fall to pieces ; the 
liquid is then filtered : — 


The Residue is washed on the filter with a 
mixture of equal measures of water and 
alcohol, in which Na2H2Sb207 is insoluble ; 
the washings are rejected. 

The precipitate is then rinsed into a small 
porcelain dish, using as littj^e water as pos- 
sible ; a few drops of strong HCl are added 
and the dish is heated, more HCl being 
added, if necessary, to make the liquid acid 
to litmus-paper. 

Whether the residue has dissolved or not, 
place in the liquid a piece of clean platinum- 
foil, and drop upon the foil a piece of pure 
Zn. Remove the foil after a few seconds: a 
black stain shows , — Presence of Sb. See 
foot-note (345*)* 

When the Zn ceases to be acted upon, Sn 
if present will remain as a spongy deposit 
This is to be washed by decantation, and 
then dissolved by boiling with HCl * in a 
test-tube: HgClg is added immediately to 
the solution : a white precipitate (341) 
shows : — Presence of Sn. 


Filtrate : HNOg is 
added until the 
solution is just 
acid after being 
boiled ; then 
AgNOg solution is 
poured in as long 
as it causes any 
precipitate, and 
very dilute Am HO 
is added little by 
little t; a brown 
precipitate, read- 
ily dissolving in 
excess of AmllO 
(323)1 shows : 
Presence of As. 


* An insoluble residue may contain Au, Ft. See paragraph 1073. 
t Instead of mixing dilute AmHO ^ith the liquid, AmHO may be 
carefully poured upon the top of the liquid ; a brown colour is then 
seen at the surface of contact. 
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REACTIONS OF THE RARER ELEMENTS IN GROUP II. 

The Rarer Elements of this group are divided into two classes . 
those belonging to Group II.A. are Pd, Os, Rh, Ru ; those belonging 
to Group II. B. are Au, Pt, Mo, Se, Te, Ir, 


GROUP II.A.— COPPER GROUP. 

In this Group are included Pd, (Os, Rh, Ru) ; these metals are 
precipitated as sulphides by H2S from acid solutions, and the sul- 
phides are insoluble in Am2S and in solution of alkaline hydrate. 

Palladium (Pd).— Use solution of Palladium chloride, PdClg. 

Pd occurs as metal in native platinum, also in gold and in silver. 
Palladium solutions are reddish-brown, and yellow if dilute : the 
addition of water precipitates from these solutions a basic salt, 
unless sufficient free acid is present to prevent the precipitation. 

348. H.2S : black precipitate in neutral, alkaline, and acid solu- 
tions ; this precipitate is insoluble in Am2S, but soluble in boiling 
HCl and in aqua regia. 

349. AmHO : flesh coloured precipitate (PdC]2.2NH3) ; soluble in 
excess of AmHO to a colourless liquid, from which HCl precipitates 

ellow crystalline palladammonium chloride (N2HoPd"Cl2). 

350. HgCyat yellowish-white gelatinous precipitate (PdCy2), 
slightly soluble dn HCl, easily soluble in AmHO. This is a very 
characteristic reaction. 

351. KI: black precipitate (Pdl2) ; a very characteristic reaction. 


GROUP II. B.— ARSENIC GROUP. 

In this Group are included Au, Pt, Mo, Se, Te, (Ir), 

> 

Gold (Au). — Use solution of Gold chloride, AuClj. 

The solution is light yellow in colour. It yields a dark brown 
sulphide, which is soluble in yellow Am2Sn. 

35a. 8n0lj containing a little 8nCl4 : purple or dark brown precipi- 
tate of Purple of Cassius^ which is best seen when the test is made 
in a white porcelain dish. 
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353. FeS04 solution produces either at once, or when the solu- 
tion is heated, a very finely-divided precipitate of Au : the liquid 
usually appears bluish by transmitted light, and is always copper- 
red and turbid by refiected light : — 

2AUCI3 + 6FeS04 = 2Au + 2Fe2(S04)3 -f FeaClg. 

354. H2SO3 solution produces a similar precipitate of Au when 
the liquid is boiled If the liquid is boiled for some time in a porce- 
lain dish, the Au settles down in small black masses,' and the 
solution loses its colour. 

Platinum (Pt). — Use solution of Platmic chloride, PtCl4. 

The solution is reddish-yellow in colour. It yields a dark brown 
sulphide, which is soluble in yellow AmgS^ 

355. AmCl, added to a strong solution, produces on standing for 
some time, or more quickly on being stirred, a yellow precipitate 
(AmgPtClg), which is soluble in much hot water. 

356. SnClg gives a reddish-brown colour (PtClg) in the solution 
acidified with HCl PtCl4 + Sn01o=PtCl2-f SnCl4. 

The Method of Separating and Detecting Au and Pt is fully given 
in paragraph 1073. 


Molybdate (M0O4) — Use Am2Mo04 solution. 

Mo occurs as molybdate : also as sulphide, which may be readily 
converted into M0O3 by heating it in the air or with HNO3. Un- 
ignited MoOg dissolves in acids ; ignited M0O3 is insoluble in acids, 
but is easily soluble in alkalies. 

357. HCl, HNO3, or H2SO4, if it is added in small quantity to an 
aqueous solution of a molybdate, yields a piecipitate, which is 
readily soluble in excess of the acid. 

358. HgS, added in lery small quantity to the acidified solution, 
gives a hive liquid ; if H3S is added in larger quantity, a brown pre- 
cipitate (M0S3) forms ; the precipitation becomes complete only when 
the solution is heated and HgS is passed for some time. This pre- 
cipitate is soluble in solution of ^kaline sulphide or of alkaline 
hydrate ; M0S3 reprecipitated from this solution when acid is 
added in excess. 

359. Zn, or SnCl^) if it is added to the solution of a molybdate in 
HOI, colours it hrown^ yreen, or hlue^ according to its state of con- 
centration. 
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360. KCyS, if it is added to a solution acidified with HCl, gives no 
coloration ; but if a piece of Zn is afterwards dropped into the 
liquid, a beautiful crimson colour is produced when this liquid is 
shaken with ether, the colour is taken up by the ether. 

361. Na2HP04. if it is added in very small quantity to the solution 
of molybdate acidified with HNOj, gives a yellow precipitate when 
the liquid is gently warmed ; this precipitate is readily soluble in 
excess of alkaline hydrate solution. 

362. Borax-bead: outer flame, yelloic ; inner flame, dark hrown» 

363 Microcosmic-bead : outer and inner flames, y/ecn. 


Selenium (Se).— Use FeSe, K^SeOj, and KoSe04. 

Se occurs as selenide of Pb, Fe, Cu, Ag. 

I Selenide (Se).— Use FeSe. 

364. When a Selenide is heated in an open tube it evolves a smell 
of decaying horse-radish, and prodhces a grey or red sublimate of 
Se • the smell is very characteristic. 

II. Selenite (SeOj).— Use K^SeOj (369). 

365. H2S gives in an acid solution, if cold a //elloiv, if hot a reddish- 
yellow precipitate this precipitate is soluble m Am.^S. 

366. BaCls gives in a neutral solution a white precipitate : soluble 
in HCl and in HNO.^ 

367. SnClg or HaSO.} gives in the presence of free HCl a red, or in 
warm solutions’ a grey precipitate of Se. 

368. Cu in a hot solution acidified with HCl becomes covered vvith 
a black film : the liquid, on standing with the Cu for some time} 
becomes coloured red by Se. 

III. Selenate (8604).— Use K2Se04. 

3^69. HOI produces no change:}in the cold ; but on boiling, Cl is 
given off and the selenate is reduced to selenite, to which the above 
tests (365-368) may be applied. 

370. BaCl^ : a white precipitate (BaSe04) ; insoluble in cold HCl ; 
dissolved by boiling with HCl, with evolution of Cl and reduction to 
BaSeOfl. 
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GROUP II.— SELENIUM, TELLURI\TJM. [371-378, 


IV. Selenium in any form of Combination. 

371 When it is heated on Charcoal in the Inner Blcw^ipe-flame a 
solid selenium compound evolves a smell of rotten horsie-radish. 

372. When it is heated on Charcoal with Na^COj in the Inner 
Blowpipe-flame a selenium compound yields a fused mtass, which 
when cooled and moistened on Ag yields a black stain, anti on addi- 
tion of HCl evolves H2Se, a badly smelling gas. 


Tellurium (Te).— Use PbTe, K3Te03, K2Te04, as is directe d below, 

Te commonly occurs united with the metals Au, Ag, Bi, Cyu, Fe. 

I. Telluride (Te).— Use PbTe. 

373. When a Telluride is heated in an open glass tube ^it gives 
white fumes and a sublimate ; the sublimate differs from th?at given 
by Sb, by being fusible before the blowpipe. 

II. Tellurite (TeOj).— Use K^T^a ( 377 )- 

374. H2O ; on dilution with v/ater, tellurous acid is precipita^led 
from the acid solution. 

375. HgS: in acid solutions a brown precipitate (TeSg), easily 
soluble in Am.^S. 

376. H2SO3, SnCl2, or Zn precipitates black Te. 

III. Tellurate (Te04). — Use KeTe04. 

377. HCl produces no change in the cold solution pi a ceiiurate ; 
but on boiling, 01 is evolved and the tellurate is reduced to tellurite 
the solution then gives the above reactions (374-376). 

IV. Tellurium in any form of Combination. 

378. If it is fused with N&2^U3 on Charcoal in the Inner isio^wpipe- 
flame, a tellurium compound gives sodiuip telluride, a solujtion of 
which gives a black stain on Ag. "V^hen this solution is acipided it 
deposits black Te, and evolves H,Te. 


^or the Detection of the Rarer Elements in Croup n./ see tne 
second column in Table« paragraph zogo. 
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GROUP I.— SILVER GROUP. 

379. This Group includes Pb, Ag, Hg', together with the 
rarer elements T1 and W. 

The solutions of these metals differ from those of all other metals, 
by being precipitated as chlorides by HCl or by a dissolved chloride. 
Since, however, PbCl2 and TlCl are somewhat soluble in water, these 
metals are not entirely precipitated in this Group as chlorides, and 
they will also be found in Group II.A. as sulphides in the course of 
analysis. 


For the Rarer Elements in this Group refer to paragraphs 391-400. 


Lead (Pb). 

380. The reactions for Pb have been already given under 
Group II.A. in paragraphs 284-288. 


Silver (Ag). — Use AgNOg solution. 

381. HCl: white precipitate (AgCl), which becomes curdy 
when it is shaken or heated. 

Pour off the liquid with the precipitate into four tubes. 
Filter one portion, wash the precipitate and let it stand for 
some time exposed to sunlight or to common daylight ; it 
will become blackish-pdrple. 

Show with the other portions that AgCl dissolves readily 
when it is heated with AmHO or with KCy-solution, and is 
precipitated again from these solutions when HJNO3 added 
in excess. Show also that AgOl is insoluble in HNO3, 
when the acid is boiled. 
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GROUP I.— SILVER, MERCUROSUM. [382-387. 


382. H2S or Ain2S: black precipitate (Ag^S), insoluble in Am2S 
and in KHO, soluble in boiling dilute HNO 3 . 

383. KHO : brown precipitate (AgltO), insoluble in excess. 

384 AmHO : light brown precipitate, produced only when %er]f 
dilute AmHO is added drop by drop, since AgHO is very easily 
soluble in excess of AmHO. 

385. Blowplpe test on Charcoal —If any solid substance contain- 
ing Ag is mixed with powdered Na.^COj and the mixture is then 
heated on charcoal in the inner blowpipe-flame, white malleable 
globules or scales of Ag will be obtained, but no incrustation will 
be formed on the charcoal. 


Mercurosum (Hg'). — Use Mercurous nitrate, 
Hg'2(N03)2.Hp, dissolved in dilute HNO3. 

Reactions 279-283 for mercuric salts yield precisely similar results 
with mercurous salts The twoTfollowing reactions (386, 387), how- 
ever, serve to distinguish mercuric from mercurous salts. 

386. HOI: a white precipitate (Hg'gCl^), insoluble in cold 
dilute acids, but soluble when it is warmed with HNO3 or 
with a mixture of HCl and HNO3, which convert it into 
soluble mercuric salt. 

This precipitate becomes hlmk when AmHO is poured upon 
it, hut does not dissolve. 

A solution of mercuric salt is not precipitated by HCl or 
by solution of a chloride. 

387. AmHO, or KHO: black precipitate, insoluble in 
excess. 

In a solution of mercuric salt AmHO usually causes a 
white precipitate (NH,HgCl), and KHO precipitates yellow 
HgO. 
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Detection op One Metal in Group L, when it occurs 
Alone. 

388. The following Table of Differences enables one 
metal of this Group to be detected, when it is present 
alone. 


Group T. — Tarle of Differences. 


Tests. 

Pb. 

Ag 

Kg'. 

For liquids. 

1. AddHCl: 

White precipitate, 
soluble in boiling 
mater; AmHO 
neither dissolves 
the precipitate 
nor changes its 
colour. 

White curdy pre- 
cipitate, insolu- 
ble in boiling 
water, easily 

soluble in warm 
AmHO. 

! 

White precipitate, 
insolicble tn toil- 
inn water, in- 
soluble in AmHO, 
but blackened by 
It. 

2 . Add AmHO, 
very dilute . 

White precipitate, 
insoluble in ex- 
cess. 

Brown precipitate, 
readily rolublein 
excess. 

Black precipitate, 
insoluble in ex- 
cess. 

S. AddK3Cr04: 

Bright yellow pre- 
cipitate. 

Chocolate red pre- 
cipitate. 

Scarlet red preci- 
pitate. 

For solids* 

4. Fuse witjti 
NsjCOa on char- 
coal m the inner 
blowpipe flame . 

1 

White malleable 
globules of metal 
which mark pa- 
per, yellow in- 
crustation on the 
chai coal 

1 

White malleable 
globules or scales 
which do not 
mark paper; no 
incrustation 

No metallic glo- 
bules 

Confirm by heating 
with Na 2 C 03 in 
an Ignition tube 

1 (282). 


Separation and DetIiction of Metals in Group I., when 
THEY occur Together. 

389.* The following Differences are made use of : — 

1 . The solubility of PbCl, in boiling water, in which 
AgOl and Hg'j,Clj are insoluble. 


13 
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GROUP I— THALLIUM, TUNGSTATE [ 390 ^- 394 , 


2. The solubility of AgCl in A mllO, in which Hg'gCl^ is 
insoluble. 

After each metal has been separated, its presence is con- 
firmed by one of its characteristic tests. 

390.* A Solution which is to be examined for Pb, Ag, 

and Hg' is precipitated by adding HCl in excess ; it is 
then filtered, and the clear filtrate is mixed with more HCl 
in order to ascertain whether the metals have been com- 
pletely precipitated. The precipitate is then examined by 
Table I. ( 1022 ). 


REACTIONS FOR THE RARER ELEMENTS IN GROUP I. 

391. The elements included in this Group are T 1 and W. 

The addition of HCl in excess partially precipitates T 1 as chloride, 
and completely precipitates tungstic acid from a tungstate 

Since TlCl is only partially precipitated in Group I., owing to its 
being somewhat soluble in water, Tl is also found in the ordinary 
course of analysis in Group III B., where it is completely precipi- 
tated as sulphide by Am^S. 


Thallium (Tl).— Use TL^S 04 solution. 

Tl occurs in small quantity in many natural sulphides, and occa- 
sionally in the ashes of plants and in mineral waters. Tl yields both 
thalHc and thallio?/« salts; but the former are very unstable, changing, 
even when their solutions are heated, into thalh’ow^ salts. 

392. HCl. a white precipitate, which rapidly settles, does not 
blacken in the light, and is soluble in aqua regia. It is soluble in 
a large quantity of water, and therefoie dpes not form in dilute 
solutions. 

393. KI a yellow precipitate, almost insoluble in water, more 
soluble in KI solution. If ferric salt is present in the solution, it 
must be reduced by HgSOj before KI is added. 

394 PtCl4 : orange-red precipitate, slightly soluble in water. 
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395. AmjS black precipitate, which is easily coagulated by heat 
is insoluble in AmHO, in alkaline sulphides, and in KCy-solution ; 
IS readily oxidised by the air to TI2SO4 , and is easily soluble in 
mineral acids 

T1 is completely precipitated by H.^S from a solution in which HA 
is the only free acid present, but the presence of a free mineral acid 
prevents the precipitation, 

396. Flame-Coloration.— Thallium compounds impart to the 
Bunsen-llame an intense green colour, which rapidly disappears. 

The spectrum (fig. 68, p 100) consists of one bright emerald-green 
line, and is very chaiacteristic. Thallium may be easily detected 
by the spectroscope in solution, or in any of the precipitates which 
are mentioned above. 


Tungstate (WO4).— Use Na^WOj solution. 

W usually occurs in the form of a tungstate. An insoluble 
tungstate yields a soluble alkaline tungstate when it is fused with 
an alkaline carbonate. From the solution of an alkaline tungstate 
HCl precipitates the tungstic acid entirely. 

397. HCl, HNOj, or HjS 04 • white piecipitate (H^WO^), which 
becomes yellow when the liquid is boiled it is insoluble in excess 
of acid, but soluble in AmHO. 

If a piece of Zn is dropped into the acid liquid containing the 
precipitate, it yields a deep blue colour. 

398. SnCL2 in neutral solution, made by dissolving SnCl, crystals 
in water and tiUering, gives a yellow precipitate, which becomes him 
when HCl is added and the liquid is heated. 

399. AnijS yields no precipitate in the solution of an alkaline 
tungstate ; but if AmgS is added, and the liquid is then made acid 
with HCl, brown WSg is precipitated. 

400. Microcosmic-head : out^r flame, colourless or yellow . inner 
flame, blue : if a little FeS04 is introduced into the fused bead, the 
colour changes to hlood-tcd* These colours are best seen when the 
bead is perfectly cold. 

For the Detection of the Rarer Elemente of this Group, refer to 
the first column in the Table (1090). 
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GENERAL DETECTION OF METALS. 


[ 401 . 


DETECTION OF METALS BY THE ANALYTICAL TABLES 

401. The metals are classified in Analytical Groups in 
paragraph 931. 

The more important tests for the metals are brought 
together in systematic and tabular form in Sections V. and 
VI. 

The scheme of analysis in Section V. serves to detect the 
presence of one metal when all other metals are absent. 
This Section is only employed for special purposes. 

The fuller scheme of analysis in Section VI. serves to 
detect metals when they are present together. 

The General Table for the detection of the Rarer Elements 
will be found in paragraph IO90. This is supplementary to 
the General Table (1007). ' 



SECTION IV.— PART III. 


ANALYTICAL REACTIONS FOR ACID- 
RADICLES. 

498. Introductory Remarks. — The Acid-radicles are 
usually detected in the course of analysis by special tests. 
They cannot advantageously be precipitated in Groups, from 
which the members of each Group are subsequently sepa- 
rated and identified, as is the case with the Metals. 

Accordingly the classification adopted for their reactions 
consists in placing together in a Group those Acid-radicles 
which somewhat resemble one another in their reactions ; 
and then stating at the end of each Group upon what difi’er- 
ences the detection of its members, when they occur together, 
depends. 

The reactions for Acid-radicles are worked through in the 
same way rs those for the Metals, a salt or other compound 
which contains the radicle being employed. At the end of 
each Group the student may with advantage detect one or 
more of its members, as was done with the Metals. 

The systematic Tables of Dififerences, such as are given 
for each Group of the Metals, are not drawn out for the 
Acid-radicle Groups. Th^ student should have no difficulty 
in constructing such Tables for himself, either mentally or 
on paper, after looking through the reactions 
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GROUP I— SULPHATE. r499-.W1, 


GROUP I.— SULPHATE GROUP. 

499. This Group includes sulphate (SOJ, fluosilicate 
(SiFj), and selenate (SeO,). 

These acid-radicles are distinguished by yielding a precipitate, 
when BaCl.j is added in the piesence of hydrochloric acid. 

Sulphate is the only commonly occurring acid-radicle which gives 
with BaCl.2 a precipitate insoluble in boiling ifCl 

Fluosilicate resembles sulphate in this respect, but dilTers from 
sulphate in so many reactions that it is considered hereafter (610- 
614) in connection with fluoride and silicate, to which it is analyti- 
cally more closely related. 

Selenate yields a precipitate of BaSe04 when BaClo is added in 
the presence of cold IICl ; but this piecipitate differs from BaS04 
by being dissolved when it is boiled for some time with stiong Ht'l 

(370) 


Sulphate (SO^). — Use Na^SO^.lOIUO. 

500. BaCl^, or Ba(NOj)2 ; white precipitate (BaSO^) ; re- 
mains undissolved when it is boiled with dilute HCl or HNO^. * 

Note. — BaCL 2 and Ba(N 03)2 are Insoluble in strong HCI and in 
strong HNO3. Care must be taken not to mistake the precipitates 
which are caused by these acids for a precipitate of BaS04. These 
precipitates are readily distinguished from BaS04 by their solubility 
in water. 

Add BaClg or Ba(N03).2 solution to strong HCl or HNO3. A 
white precipitate will be produced, consisting of BaClg or of Ba(N03).2, 
which is insoluble in the strong acid. Now add much water : the 
precipitate will dissolve readily and completely in the water. 

• 

501. Blowpipe-test on Oharcc^l, — If a sulphate, or any 
solid substance containing sulphur, is mixed with solid 
NSjCOj, and the mixture is then heated on charcoal in the 
inner blowpipe-flame until the Na^COa fuses, Na^S will be 
produced ; — 


Na,SO,-f4C = Na,S + 4CO. 
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The Na^S thus produced maybe readily detected by detach- 
ing the cold solid mass from the charcoal with the point of a 
knife, placing a portion of it upon a bright silver coin, and 
moistening it with a drop of water. After the moistened 
mass has remained upon the coin for a short time, it is 
rinsed off ; a black stain (Ag^S) will then be seen upon the 
part of the silver upon which the substance rested (SH)* 

Another portion of the cool mass may be moistened with 
a drop of HOI. A fetid smell of H.,8 will then be observed ; 
and a piece of paper, moistened with PbA^-solution and held 
above the substance, will be blackened (510). 

This test IS evidently only of value for detecting a sulphate, when 
it IS known that sulpliui is not present in any other form in the sub- 
stance to be tested 

It IS also necessary that sulphur should not be introduced by the 
Na-jCOj, or by the flame. Since coal-gas may contain sufficient 
sulphur to give the above reaction with pure Na2COj, it is advisable 
to employ the flame of a spiri'- or petroleum-lamp (3) rather than 
that of a gas-buiner for this reaction. 

502. flydrogen sulphate, or Sulphuric acid (H2SO4), 

even when it is dilute, may be detected by producing black 
charred stains on paper, which has been dipped into the 
liquid and has then been dried by heat. Sulphuric acid has 
a strongly acid reaction to litmus, and evolves hydrogen when 
it is diluted and warmed with Zn : these properties are, 
however, shared by some metallic sulphates and by the acid 
sulphates. 


Selenate (Se04) • — The reactions for selenate have been already 
given (369-372) in Group II. for the metals. Selenate is classed in 
Group II. because it gives a precipitate with after its solution 
in hydrochloric acid has been boiled. 


Fluosilicate (SiFg) see reactions 610-614. 
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GROUP I— DETECTION OF MEMBERS. 


[503, 


Detection op Acid-radicles of Group I. 

503- After the acid-radicle has been precipitated by the 
addition of BaCl^, it may be identified by noting the follow- 
ing diflPerences in the properties of the insoluble barium 
salts. 


The precipitate of BaSO^ differs from that of BaSeO^ 
by being quite unaffected when it is boiled with HCl. 

BaSeO^ may be dissolved by being boiled with HCl, and 
selenite may then be detected in the solution by the tests 
given in paragraphs 365-368. When BaSeO^ is heated on 
charcoal, it gives the peculiar smell of rotten horse-radish. 

BaSiFg is distinguished by heating it with strong 
when HF is evolved, which etf'hes glass (6l2). For other 
differences, see paragraphs 610. 611. 
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504, 605.] BEACTIONS OP THE AClD-EADlCLES. 


GROUP II.— CARBONATE GROUP. 

504. This Group includes carbonate (CO^), sulphide (S), 
sulphite (SO 3 ), thiosulphate (S^Oj), hypochlorite (CIO), and 
nitrite (NOj). 

Salts which contain these acid-radicles evolve character- 
istic gases when they are acted upon by HCl. 


Carbonate (CO3). — Use Na^COj, or CaCO,. 

505. HOI, HA, H3T, and almost any other acid, when it is 
poured upon a carbonate in a test-tube, causes colourless, 
almost inodorous carbon dioxide gas (CO^) to escape with 
effervescence. This gas is recognised by its property of 
turning lime-water or baryta- water milky, owing to the 
production of an insoluble carbonate. 

The Lime-water Test may be tried in the several ways described 
below, attention being paid to the precautions on page 202. 

1. A glass rod which has been just removed from some perfectly 
clear lime-water, and which has a small drop adhering to its end, is 
introduced into the test-tube in which the carbon dioxide has been 
evolved ; the diop will quickly become milky. Caie must be taken 
not to allow the rod to touch the liquid or the inside of the tube 
The milkiness is best seen when the rod is removed and the drop is 
held above a dead black surface. 

2. Since carbon dioxide gas is much heavier than air, it will 
remain in the test-tube in which it has been liberated, if the tube is 
held erect and its mouth is loosely closed with the thumb. If the 
tube is then gradually inclined, the heavy gas may be poured into 
another test-tube containinglime- water, without allowing any liqpid 
to flow out. On closing this tub^with the thumb, and shaking the 
lime-water up with the gas, the liquid will become milky, / 

/ 

3. The acid may be poured upon the carbonate in a smalL beaker, 
which is immediately covered with a watch-glass the under surface 
of which has a drop of clear lime-water adhering to the middle . the 
drop will become milky. 
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GROUP I.— DETECTION OP MEMBERS. 


[ 503 , 


Dktectiok of Acid-radicles of Group I. 

503 - After the acid-radicle has been precipitated by the 
addition of BaCl^, it may be identified by noting the follow- 
ing diflferences in the properties of the insoluble barium 
salts. 

The precipitate of BaSO^ diflfers from that of BaSeO^ 
by being quite unafifected when it is boiled with HCl, 

BaSeO^ may be dissolved by being boiled with HCl, and 
selenite may then be detected in the solution by the tests 
given in paragraphs 365-368. When BaSeO^ is heated on 
charcoal, it gives the peculiar smell of rotten horse-radish. 

BaSiFg is distinguished by heating it with strong 
when IIF is evolved, which etches glass (6l2). For other 
differences, see paragraphs 610. 611. 
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GROUP II.— CARBONATE GROUP. 

504. This Group includes carbonate (GO3), sulphide (S), 
sulphite (SO3), thiosulphate (S^O^), hypochlorite (CIO), and 
nitrite (NO^). 

Salts which contain these acid-radicles evolve character- 
istic gases when they are acted upon by HCl. 


Carbonate (CO3). — Use Na^COg, or CaCO^. 

505. HCl, HA, H,T, and almost any other acid, when it 
poured upon a carbonate in a test-tube, causes colourless, 
almost inodorous carbon dioxide gas (COjj) to escape with 
effervescence. This gas is recognised by its property of 
turning lime-water or baryta-yater milky, owing to the 
production of an insoluble carbonate. 

The Lime-water Test may be tried in the several ways described 
below, attention being paid to the precautions on page 202. 

1. A glass rod which has been just removed from some perfectly 
clear lime-water, and which has a small drop adhering to its end, is 
introduced into the test-tube in which the carbon dioxide has been 
evolved ; the diop will quickly become milky. Care must be taken 
not to allow the rod to touch the liquid or the inside of the tube 
The milkiness is best seen when the rod is removed and the drop is 
held above a dead black surface. 

2. Since carbon dioxide gas is much heavier than air, it will 
remain in the test-tube in which it has been liberated, if the tube is 
held erect and its mouth is loosely closed with the thumb. If the 
tube is then gradually inclined, the heavy gas may be poured int^o 
another test-tube containingi lime-water, without allowing any liqyid 
to flow out. On closing this tube^with the thumb, and shaking the 
lime-water up with the gas, the liquid will become milky. 

3. The acid may be poured upon the carbonate in a small beaker, 
which is immediately covered with a watch-glass the under surface 
of which has a drop of clear lime-water adhering to the middle . the 
drop will become milky. 
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4 . If the COg is given off in considerable quantity, it may be con- 
ducted into some lime-water contained in a separate tube. This is 
effected by either of the forms of apparatus which are shown in 
figure 73 


Fig. 73. 


Precautions. — In testing for carbonate the following precautions 
must be attended to. 

The milkiness, which is at first pioduced in lime-water by CO2, 
gradually disappears when more CO^ is absorbed. Hence, if the lime- 
water does not become milky at imcc^ it must be 
constantly watched, in order to avoid the iisk of 
the milkiness not being observed befoie it has 
M fl) been removed by the further absorption of COg 

M JL !l_ If the addition of the first few drops of acid 

to the substance does not cause an effervescence 
of COy more acid should be added, since a car- 
bonate may be simply converted into an acid car- 
bonate by the action of a small quantity of acid, 
and it will evolve no COg during this change 
A powdered solid substance, which is being 
tested for a carbonate by HCl, should be first 
moistened in order to drive ohtthe air-bubbles entangled within it, 
since if these escaped on the addition of the acid they might be mis- 
taken for a slight effervescence of CO.2 



Apparatus 
FOR Test IN i 
Gas Evolved. 


Hydric Carbonate, or Bicarbonate. 

506 Hydric carbonate, or Bicarbonate, is changed by heat into 
normal carbonate with evolution of COg and H.^O : — 2 NaHCOj = 
Na^COj-i- CO2 + H2O. Prove this by heating some sodium bicai- 
bonate (NaHCOg) in an ignition-tube , drops of water will condense 
and CO2 may be detected by lime-water (505)., Also drop some 
NaHCOy into boiling water in a test-tube ; effervescence will take 
place, and the escaping gas will give rise to milkmess in lime-water^ 

507. MgS04.— A solution of bicarbonate, which has been made 
with cold water, gives no precipitate with MgS04-solution ; but after 
the solution has been boiled it will contain a normal carbonate, and 
this will give a precipitate of white M|jCOg. 

• 

508. HgCl2 yields with solution of bicarbonate a pale yellow pre- 
cipitate ; solution of normal cat honate yields an orange-red precipi- 
tate with HgCl2 solution, 

509. Hydrogen carbonate, or Carbonic acid (H2CO3), can only 
exist in dilute aqueous solution. The addition of sufficient lime-water 
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to its solution causes a permanent milkine'ss. Other substances in 
solution, however, behave in a similar way ; hence the acid is best 
found by boiling the liquid, and passing the mixture of steam and 
COg which IS evolved into lime-water ; the lime-water will become 
milky. Bicarbonates give the same result (506). 


Sulphide (S). — Use solid FeS, or solution of Am^S. 

510. HCl, or when it is poured upon many sul- 

phides, produces which may escape with effervescence 
or may in great part remain in solution until the liquid is 
lieated. This gas is detected by its fetid smell, which re- 
sembles that of rotten eggs ; and by its property of darken- 
ing PbA^-solution, owing to the formation of PbS. 

The gas may be made to act upon the PbAg-solution by the 
methods given for CO2 (505, 1-4) ; or a small strip of filter-paper, 
moistened with the solution, may be introduced into the gas on the 
end of a glass rod. The paper strip should be attached to the rod 
by only half its length, so as to expose both surfaces of the lower 
part of the strip to the action of the gas. 

Note. — This test is made much more delicate, if the filtei -paper is 
moistened jvith a solution, which is prepared by adding KHO to 
bo/ing PbA2-solution, until the precipitate, which is foimed at first, 
IS just redissolved. The test-paper, which has been thus prepared, 
becomes intensely blackened by HgS. 

511. Ag. — If solution of sulphide is dropped upon a 
bright silver coin, it produces a black stain (Ag^S). This 
stain may be removed by rubbing the coin with moist lime. 

A solid sulphide, which gives off on the addition of 
HCl, produces a black stain when it is placed upon a silver 
coin and is moistened with a drop of HCl. 

512. Solution of PbAg gives with solution of sulphide a 
black precipitate (PbS). The solution produced by adding 
KHO in excess to PbAg-solution (510, N'ote) is a more deli- 
cate reagent for this test. 


513. The formation of Sulphocyanide (650) may be 
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employed as a very delicate test for a soluble sulphide. Jt 
depends on the detection^ by means of Fe^Clg, of the sulpho- 
cyanide which has been formed by the action of KCy- 
solution upon the sulphide. 

514. Ignition — Free sulphur and many sulphides, when 
they are strongly heated in a test-tube, give a sublimate of 
sulphur in the form of brown drops or of yellow powder. 

515. Ignition in the Air. — Free sulphur and many sul- 
phides, when they are heated in a tube open at both ends 
and held obliquely in the flame, produce SO^ gas. This gas 
may be recognised by its pungent smell, and by causing the 
colour of paper moistened with K^Or^Oy-solution to change 
to bluish -green. 

516. Insoluble Sulphide, when fused with Na^OOa in a 
covered porcelain crucible or in a hard glass ignition-tube, 
yields soluble Na^S, whicn may be detected by the above 
tests (510-513). 

517. Fusion with ENO3, or simply heating with strong 
HNO3, conveits a sulphide into a sulphate, which may be 
detected in solution by BaCl^ (500). 

518. Hydrogen sulphide, or Hydrosulphuric acid (Hj,S), 
in aqueous solution, is easily recognised by the tests described 
in paragraphs 511, 512. Unless the solution is very dilute 
it will emit H,S, which may be readily detected either by 
its smell, or by suspending lead acetate paper over the liquid 

(510). 


Sulphite (SO3). — U«e NaHSO^# 

519. HOI, or H3SO4, when* it is poured upon a sulphite 
and warmed, evolves SOj, gas : this gas may be recognised 
by its pungent smell and by turning KjOrjO^-solution green, 

A drop of the K2Cr207-solutioo, banging on the end of a glass rod, 
may be exposed tp the gas (505, 1) ; or a small strip of fliter-paper 
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may be wetted with the bichromate solution and then attached by 
half its length to the rod, the other half hanging freely in the gas. 

520. BaCl 2 . white precipitate (BaSO^). The formation of this 
precipitate is prevented by the presence of HCI, but a precipitate 
usually formsowing to the presence of some sulphate in the salt 
used When Cl-water or Br-water is added to the clear solution of 
BaSOj in HCI, BaS 04 is formed and precipitated — 

BaCla + H 2 SO , H 2 O + 2C1 = BaS04 -i- 4HC1. 

521. Nascent Hydrogen. — The addition of sulphite solu- 
tion to a mixture of HGl and Zn, which is giving off pure 
H, immediately causes an evolution of H^S. The is 
detected by its smell, or by blackening a piece of filter-paper 
moistened with solution of PbA^, or of PbO in excess of 
KHO (510, J^ote). 

522. Hydrogen sulphite, or Sulphurous acid (H^SOg) 
can be detected in aqueous solution by adding to the liquid a 
drop of KgCr^Oy-solution : the reddish colour will at once 
change to green. Strong aqueous solution of hydrogen 
sulphite slowly evolves SO^, and dilute solutions evolve SO3 
when they are heated . this gas may be readily detected by 
its. smell and by KgOr^O^-solution (Sip)* 


Thiosulphate, or Hyposulphite (S3O3). 

Use solution of Na3S203.5Hj0. 

523. HCI, or H3SO4, causes no immediate change in the 
cold solution ; but after a few seconds the acidified liquid 
becomes turbid, owing <>o the separation of finely-divided 
yellow S, and it then contain?? H3SO3 : — = S -t- H3SO3. 
SO3 from the H^SOgmay be recognised by its pungent smell, 
when the acidified liquid is heated ; and it may be detected 
in the solution, by adding a few drops of K^Crj^O^-Folution, 
which changes colour to green. 
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524. Fe2Cl^ gives a reddish-violet colour with solution of thiosul- 
phate. This colour disappears after a short time in the cold, and 
immediately when the liquid is heated. The FejClg-solution at the 
same time loses Its yellow coloui, since it is changed from FejCl^ 
into FeClo 

525. AgNOj a white precipitate (Ag2S.203), which becomes black 
after standing for a short time, or immediately when the liquid is 
heated, owing to the formation of AgoS — 

AgaS ,Oj + H.jO = AgoS ^ HgSO, 

The above precipitate (Ag2S203) dissolves very readily in excess of 
the NagS.jOj-solution, hence it is most easily obtained by dropping 
the thiosulphate solution into some AgNOj-solution. 

526. Hydrogen thiosulphate, or Thiosnlphuric acid (H^S^O^), is 
extremely unstable, rapidly separating into S + H2SO3 (523). 


Hypochlorite (CIO). — Use solution of Bleaching-powder, 
contaiieing CaCI^O^, 

527. HOlO is evolved from a hypochlorite when it is in 
the solid state or in strong solution ; it is probably liberated 
by the action of the atmospheric carbon dioxide. The smell 
of the vapour thus evolved resembles that of Cl, but is far less 
irritant to the nose 

528. HOI, or H2SO4, if it is added in excess, sets free Cl 
from hypochlorite in the cold. This gas may be recognised by 
its smell, by its yellowish colour, and by its ^ow^er of bleach- 
ing a piece of moistened litmus-paper when the paper is held 
for a short time in the gas. If the Cl is small in quantity 
and remains dissolved, a piece of litmus-paper may be shaken 
up with the solution. 

CfiClfi, + 4 HC 1 = 4 C 1 + 211 fi. 

The bleaching of litmus by solution of hypochlorite occurs slowly 
even without the addition of acid, owing to the bleaching power of 
the nascent oxygen liberated from the hypochlorite. When the 
hypochlorite golntion is heated, or the paper moistened with the 
solution is exposed to the CO^ of the air, the bleaching is hastened. 
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On the addition of an acid, however, the bleaching of the litmus- 
paper immersed in the solution is extremely rapid. 

529 PbAj. If solution of hypochlorite is added m large quantity 
to PbAy-solution, it gives a white precipitate ; this precipitate be- 
comes red and then dark brown (PbOo) when the liquid is boiled for 
a short time. 

When hypochlorite is heated with MnCl.j-solution, it also gives a 
dark brown precipitate (MnO^). 

530. Hydrogen hypochlorite, or Hypochlorous acid (HCIO), is a 

yellow liquid with sweetish smell , it is very unstable, unless it is 
largely diluted This acid bleaches litmus, and evolves Cl when it 
IS warmed with HCl. 


^^ 1 TR 1 TE(N 02 )— Use KNO^. 

531. H,SO„ when it is warmed with nitrite, causes a 
reddish-brown gas with a characteristic smell to be evolved. 
The coloured gas is usually best ^en by looking down the 
test-tube at a white surface. 

532. Cold FeS04-solution, when it is added to solution of 

nitrite, causes the liquid to assume a dark colour. The colour 
becomes much more intense when cold dilute is added. 

The dark coloured substance whidi is produced is a compound 
of NO with FeSO^ ; this compound is decomposed when the 
liquid is boiled, and reddish-brown gas is evolved (531). 

533. Nitrous acid liberates Iodine from Potassium 
iodide. — The nitrous acid may be formed by the addition 
of acid to a nitrite. 

Drop a little starch-powder into some cold water in a 
porcelain dish, and stir and boil the liquid for a short time : 
then cool the starch-solution, and add to it a few drops of 
Kl-solution. * 

Add to this liquid some solution of nitrite, and then 
several drops of HA. An intense blue colour will be pro- 
duced. This is due to the combination of the starch with 
the iodine, which has been set free by the HNOj,. 
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The liquid will often appear black at first, and the blue 
colour will then only become visible when much water has 
been added. 

This is a most delicate test if the liquid is quite cold. But 
the presence of a nitrite is not proved if the colour is pro- 
duced before the HA is added. 

534. Hydrogen nitrite, or Nitrous acid (HNO^), is extremely 
unstable, and decomposes rapidly into HNO 3 , NO, and HgO. It 
therefore evolves reddish-brown gas when its solution is heated in 
the air (531). Nitrous acid also colours FeS04- solution (532), and 
liberates iodine from KI (533). 


Detection op the Acid-radicles in Group II. 

535. The Detection of these Acid-radicles, when they 
occur singly, presents no difliculty. 

Their detection, when they occur together, is often com- 
plicated, since most of th4? acids, which are formed on the 
addition of HCl to salts containing acid-radicles of this 
Group, react upon one another. Thus HCIO oxidises 
HNO, H^S, and H,S03; and H,S03 oxidises H^S. 

The analyst may often succeed, by a skilful use of the 
above reactions, in detecting these acid -radicles when tney 
are mixed. But their detection in certain mixtures is a 
problem which is only soluble by careful consideration, and 
is not unfrequently insoluble. 

SO3 may be detected by K^CrgOy-paper :* H^S by PbA^- 
paper: Cl by bleaching moist litmus-paper : nitrite by evolv- 
ing reddish-brown gas. But COg can only be detected in the 
presence of much SO^ by passing the gases through hot 
KgOr^Oy-solution ; the SO3 will be absorbed, and the COj 
which passes on may then be detected by lime-wt^r. 



636, 537.] REACTIONS OF THE ACID-RADICLES. 


209 


GROUP III.— NITRATE GROUP. 

536. This Group includes nitrate and chlorate. 

Salts, which contain these acid-radicles, resemble one 
another in many respects, more particularly in the fact that 
none of them are perfectly insoluble in water ; hence no 
method of precipitating them is known 


Nitrate (NO3).— Use KNO3 and Pb(N03),. 

537. FeSO^-solution gives a dark brown colour with 
Nitric acid (532). Nitric acid may be formed from a nitrate 
by the addition of 

Add to some solution of nitrate, contained in a rather 
broad test-tube, about an equal volume of strong H^SO^, 
Mix the liquids well, and then cool the mixture in a stream 
of cold water. 

Now pour some strong cold FeSO^ solution in a gentle 
stream down the inside of the tube, which is held in an 
inclined position. A distinct Jay er of the FeSO^ solution 
should be formed on the surface of the acid liquid. A dark 
coloured film or* ring, which sometimes extends upwardr, 
will appear at the surface of contact of the two liquids. 

The colour is most easily seen when a piece of filter-paper is held 
between the tube and a bright flame or window, and when one 
looks through the tube and paper at the light. A mere yellow colour 
is often produced in the absence of a nitrate, and may be disre- 
garded. 

The test is made more deljcate by cooling the liquid, since heat 
prevents or removes the dark coV>ur. For this purpose the tube 
may be allowed to stand in a beaker of cold water for a few* minutes. 

If much nitric acid is present, the dark colour extends upwards 
as soon as the strong sulphuric acid is mixed with the FeS 04 solu- 
tion ; but the heat which is evolved by the dilution of the strong 
H 2 SO 4 soon causes the NO to escape and to form a reddish- brown gas 
in the test-tube; the liquid at the same time loses its dark colour. 
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538. Copper, — Drop a few small scraps of Cu into some 

nitrate solution, and add strong E eddish-brown 

gas will appear either at once or when the tube is warmed. 
If’ the colour is faint, it is best seen by looking down the 
tube at a white surface. 

The liquid at the same time becomes blue from the pro- 
duction in it of copper nitrate : — 

8 HNO 3 + 30u = + mu(NO,\ + 4H,0. 

The NO which is evolved is a colourless gas, but it yields 
reddish-brown NOj, by oxidation when it mixes with the air 
in the upper part of the vessel (44). 

539. Indigo Solution, if it is poured in a cold and dilute condition 
into cold nitrate solution, until the mixture becomes faintly but 
decidedly blue, letams its blue colour unchanged when SO^ is 
passed into the liquid (see Note, 545 ), or when freshly made HgSOj 
solution is added. This reaction distinguishes a nitrate from a 
chlorate. Compare with paragiaph 545 

540. Ignition converts alkaline nitrate into nitrite . hence 
if any solid nitrate is heated to redness with fusion mixture 
(NajCOg -b KgCOg) on platinum foil for sev^eral minutes, a 
soluble alkaline nitrite is formed. If the foil is allowed to 
cool and is then boiled in water, the alkaline nitrite will be 
dissolved. 

A portion of the solution may be proved to contain 
, nitrite by the starch test (533)« 

Another portion may be acidified with HNO3, and will 
be found to give no precipitate with AgN03. Compare 
with paragraph 547. 

541. The action of Hydrogen also reduces nitric acid to 
nitrous acj,d. 

Add dilute H^SO^ to some nitrate solution, and then add 
some freshly-made starch-solution containing KI: no colour 
will be produced : but when a fragment of Zn is dropped in, 
and hydrogen is evolved, the liquid will assume a deep blue 
colour (533). 
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542. Fusion of a Nitrate on Charcoal in the blowpipe- 
flame causes deflagration , that is to say, the surface of the 
charcoal burns rapidly with a slight hissing noise. 

543 - Ignition of a Nitrate of a Heavy Metal, in a glass 
tube closed at one end, causes the evolution of a reddish- 
brown gas with a characteristic smell (NO^) and of oxygen : 
PbN20G = 2 N 0 ^ + 0 4-Pb0. The NO^ is recognised by its 
colour and by its smell, and the O is found by inflaming 
a glowing splinter of wood. Lead nitrate may be used in 
trying this experiment. 

544 - Hydrogen nitrate, or Nitric acid (HNO3), has a 
strongly acid reaction. Tt gives with FeSO^ solution a 
brown ring (537)? and with Cu a reddish-brown gas and a 
blue solution (538). When nitric acid is evaporated with 
quill-clippmgs it stains them bright yellow. 


Chlorate (CIO3). — Use KCIO3. 

545. Indigo solution, if it is added in a cold dilute con- 
dition to a cold solution of chlorate until the liquid is 
coloured faintly but distinctly blue, loses its colour as soon 
as is passed into the liquid, or when some freshly •made 
H3SO3 solution is added and the mixture is shaken. Com- 
pare with paragraph 539. 

Note. — Since the presence of H. 3 SO 4 must be avoided in this re- 
action, it IS well to pass SO^ gas into the liquid which is being tested. 
The gas may be most readily obtained from a bottle of liquid SO 2 . 

546. Strong H2SO4, when it is poured upon a little solid 
chlorate, becomes orange-red in colour, and when the liquid 
is shaken it evolves a bright yellow gas (Cl^OJ : — 

3KCIO3 -b H3SO4 = Ci/j^ + KCIO4 + K3SO4 + H, 0 . 

This gas has a smell somewhat resembling that of chlo- 
rine. It undergoes explosive decomposition readily when it 
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is gently heated, and the acid mixture in the tube accord- 
ingly crackles and even detonates when it is warmed by the 
flame. 

Caution. — This experiment may be dangerous, unless very little 
chlorate is used, and the mixture is then heated gently with the 
mouth of the test-tube turned away from the person. 

547. Ignition of Alkaline Chlorate evolves Oxygen and 
produces Chloride. 

AgNOg solution produces no precipitate with solution of 
chlorate if chloride is absent. 

But if some solid potassium chlorate is heated in a test- 
tube, it will fuse and give off oxygen with effervescence : 
the chlorate is meanwhile converted into chloride : — 

kcio3-k:ci + 03 . 

The oxygen gas may be detected by holding in the tube a 
slip of wood with a spark al its end ; the spark will burst 
into a flame. 

If the tube is then allowed to cool, and the residue is 
dissolved by heating it with water, a portion of the solution 
will yield no evidence of the presence of a nitrite (533). 

Another portion of the solution will yield a white pre^'i- 
pitate (AgCl) on the addition of AgNOg ; this precipitate 
will not dissolve in HNO3 even on boiling, but will dis- 
solve readily in Am HO (552) : it is therefore produced by 
the chloride which has been formed from the chlorate, and 
indirectly proves the presence of chlorate. 

A chlorate which does not yield a soluble chloride must 
be mixed with fusion-mixture before it is heated for this 
test. 

This reaction readily distinguishes a chlorate from a 
nitrate. Compare with para^aph 54O. 

548. When a Chlorate is heated on Charcoal in the 
blowpipe-flame, it causes the charcoal to deflagrate, 

549. Hydrogen chlorate, or Chloric acid (HOIO3), is an odourless 
liquid, which first reddens and then bleaches litmus-paper. When 
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it IS kept for some time, it changes into 0, Cl, HCIO^ and H^O. 
The same change occurs rapidly when the acid is heated. 


Detection of Nitrate and Chlorate. 

550. There is little difficulty in distinguishing nitrate 
from chlorate. 

Nitrate and chlorate, when they are present together, 
more or less interfere with one another’s reactions. But 
they may be detected in the absence, or after the removal of 
chloride and nitrite, by heating the solid substance strongly 
for a short time, and then testing for nitrite and chloride 

( 540 , 547 )-, 

The preliminary removal of nitrite may be effected by 
boiling the substance with excels of acetic acid ; and chloride 
may be removed by precipitation with AgNOg, which must, 
however, not be added m excess. It is evident that the 
portion of the solution, to which AgNOg has been added, 
cannot be used for the test for nitrate. 
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GROUP IV.— CHLORIDE GROUP. 

551. This Group includes chloride, bromide and iodide. 

These Acid-radicles closely resemble one another in many 
of their reactions. They are precipitated by AgNOg from 
their solutions, after HNO3 has been added in excess. In 
this respect they differ from all acid-radicles except cyanide, 
ferrocyanide and ferricyanide ; and these are easily dis- 
tinguished by other means. 


Chloride (Cl). — Use NaCl. 

552. AgNOg, when it is added to the solution of a chloride, 
gives a jiure white precipitate (AgCl). 

This precipitate collects into curdy masses when the 
liquid is heated or shaken : it rapidly turns violet in sun- 
light, and slowly darkens even in diffused daylight. 

Decant the water, and warm one portion of the precipitate 
with HNOg*. it will not dissolve. To another, portion of the 
precipitate add AmHO: it will readily dissolve. AgCl is 
also soluble in KCy-solution and in Na^SgOg-sdlution. 

Decant the liquid and warm the precipitate with a little 
strong HgSO^: the acid will remain colourless, and no violet 
vapour \irill be given oft' as is the case with Agl (562). 

553. Strong HgS 04 , when it is added to a solid chloride, 
causes colourless HCl to be givefi off : this gas may be recog- 
nised by fuming in the air, by reddening moistened blue 
litmusvpaper, and by making a drop of AgNOg-solution, 
acidified with HNOg, milky (505, 1 - 4 ). 


554. MnOg and H^SO^. — Mix together intimately some 
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finely-powdered chloride and MnO^, then add strong H^SO^ 
and warm the mixture : chlorine gas will be evolved : — 

2Na01 -I- MnO, -t- - 2Cl 4 MnSO, + 2 NaHSO, 4- 

2Hp. 

This gas is recognised by its power of bleaching a piece 
of moistened litmus-paper, which is introduced into the tube 
on a glass rod. 

The most delicate way of making the test is to mix the 
substances in a small beaker, and then cover this with a 
watch-glass which bears on its under surface a piece of mois- 
tened litmus-paper ; the mixture is then warmed and allowed 
to stand for some time, and the test-paper is occasionally 
examined in order to see if its colour has disappeared. 

Moist starch is not coloured when it is held in the escaping 
gas : this distinguishes chloride from bromide, when they 
are examined by this test. Compare with paragraph 558 . 

Many samples of commercial MnOj evolve Cl when they are heated 
with H2SO4. Hence, unless the MnOj has been specially prepared 
by precipitation, or is known to give no Cl when it is heated with 
HjSOj, It must be heated with 112804 as long as any bleaching action 
IS produced on moist litmus-paper held in the tube ; the substance 
to be tested may then be added, and Cl may be again tested for 
while the mixture is being heated 

555. Formation of CrO^Cl^ by the action of HjS04 and 
Chromate. — An intimate mixture is made of a solid chloride 
with three or four times as much K^Cr^y, by rubbing the 
two substances together to a fine powder in a mortar. This 
mixture is then heated with strong H 3 SO 4 in the tube or 
flask represented in figure 73 (p. 202), or in a Clarke’s 
retort (hg. 74, p. 210) Reddish-brown vapour (CrOjCl^) 
will be evolved : — 

4NaCl + Kfirfi, + GH.SO^ = 2CrO,Cl, 4- 4 NaHS 04 4- 

2 KHS 04 4-3H,0. 

If the vapour escaping from the delivery-tube is passed 
into some water, contained in a test-tube or in the bend of 
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the condenser of darkens apparatus (fig. 74), the water will 
become reddish-yellow in colour, owing to the formation of 
HjCrO, 

OrO.Ol, + 2H,0 = H,CrO, + 2HC1. 

When excess of AmllO is added to the reddish-yellow 
liquid the colour will change to pale yellow, since AmgCrO^ 

is formed : but the original 
reddish-yellow colour will 
be reproduced, when excess 
of HA is added ; and the 
presence in this liquid of 
HgCrO^, and therefore of 

Clarke’s Eetort. chloride in the original 

substance, may be proved 
by the formation of a yellow precipitate (PbCrO^) on the 
addition of PbAg-solution. 

Caution. — The detection of a chloride by this method depends on 
the formation of H 2 Cr 04 by the action of the water in the tube on 
the vapour of CrOyClg. Great care must therefore be taken that 
none of the mixture containing chromate or chromic acid is allowed 
to pass into the delivery-tube and thence into the water ; since if 
this occurred, chromic acid would be found even when no chloride 
wa,s present. 

Care must also be taken that the water is not sucked back into 
the hot strong H 2 SO 4 when the apparatus shown in fig. 73 is used. 
This is prevented by raising the delivery-tube out of the water as 
soon as the beating is stopped. 

556 . Hydrogen chloride, or Hydrochloric acid (HCl), is a colour- 
less gas, which fumes in the air, and dissolves very readily in water. 
Both the gas and its solution render AgNOj-solution, which has been 
acidified with HNO 3 , milky. The solution of the acid evolves 
chlorine gas when it is heated with Mn0.j. 


Bromide (Br). — Use NaBr. 

557. AgNO,, wten it is added to solution of a bromide, 
gives a yellowiah-white precipitate (AgBr). 

This precipitate is easily coagulated when the liquid con- 
taining it is heated or shaken ; it is insoluble in HNO 3 , 


Fig. 74, 
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easily soluble in KCy-solution and in Na^SgOj- solution, and 
slightly soluble in AmHO. It resembles the precipitate of 
AgOl in these respects ; but it is distinguished from AgCl 
by its yellowish colour, and by its slight solubility in AmOH. 

If the liquid is decanted and the precipitate is heated 
with strong no violet vapour will be evolved as is 

the case with Agl (562). 

558. Strong H2SO4, if it is heated with a bromide, causes 
the evolution of pungent acid fumes (HBr), which are 
accompanied and coloured by reddish-brown vapour of Br. 
This vapour somewhat resembles Cl in smell and by bleach- 
ing litmus, but it differs from 01 in colour. 

The bromine vapour may also be recognised by its power 
of staining cold moist starch orange-red. The starch-powder 
may be taken up on the wetted end of a glass rod, and then 
moistened by breathing upon it several times. 

If MnOg is mixed with the bromide before H^,S 04 
added, Br is evolved in greater quantity (554)* 

559. Chlorine-water, or solution of bleaching-powder 
which has been acidified with HCl, if it is added carefully 
drop by drop to solution of a bromide, liberates Br, and 
this colours the solution orange- red. 

The addition of Cl in excess must be carefully avoided, since Cl 
combines with Br and destiojs its colour. 

Warm a part of the coloured solution ; reddish-brown Br 
vapour will be given oft', and will stain cold moist starch 
orange-red (558). 

,Add carbon bisulphide (CSj) to another" portion of the 
coloured solution, and mix the liquids well by shaking them ; 
the Br will be dissolved avjay from the water by the OS^. 
If the liquid is allowed to stand at rest for a short time, 
the reddish-brown solution will sink beneath the colourless 
water. 

If a little KHO solution is now added and the liquids are shaken 
up together, the colour of the Br will disappear from the CS 2 ; this is 
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due to the formation of the colourless salts KBr and KBrOj, which 
remain in solution in the water : — 

6Br + 6KHO = 5KBr + KBrO^ + 3H.p. 

560. Evolution of Bromine on addition of H^SO^ and 
Cliromate. — If an intimate mixture of a solid bromide and 
KjCr^Oy is heated with strong H^S04 ^he apparatus 
described in paragraph 555, reddish-brown bromine vapour 
will be evolved. — 

6 NaBr -t- 4 - 1 = JlBr, 4- 4- GNallSO^ 

-h 2KHSO4 + 

The Br vapour may be passed into water, and it will 
colour the liquid reddish-brown. 

If CSj is then shaken up with part of this brown solu- 
tion, it will dissolve away the Br and will settle beneath the 
colourless water as a brown layer. 

If another part of the brewn aqueous solution of Br is 
shaken with Am HO or KHO, the colour of the solution 
will be destroyed. 

These reactions serve to detect a chloride in the presence 
of a bromide. Compare with paragraph 555. 

561. Hydrogen bromide, or Hydrobromlc acid (HBr), is a colour- 
less, soluble gas, which fumes in the air, and closely resembles HCl. 
Its solution differs from that of HCl by evolving cofoured Br vapour 
when It IS heated with MnOj. 


Iodide (1).— Use KI. 

562. AgNOj, when it is added to solution of an iodide, 
gives a yellow precipitate (Agl). 

This precipitate is easily coagulated when the liquid con- 
taining it is heated or shaken : it is insoluble in HNO3, very 
slightly soluble in AmHO, but easily soluble in KCy-solu- 
tion and in Na^SjOj-solution, 

The precipitate of Agl differs from the precipitates of 
AgCI and AgBr by its colour and by its very slight solubility 
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in AmHO ; but it is distinguished with greater certainty 
by its behaviour when it is heated with strong 

If the liquid is decanted from the precipitate, and the 
precipitate is then heated with strong the acid will 

be coloured red, and violet vapour of iodine will be seen on 
looking down the tube. The coloured vapour is most dis- 
tinctly seen after the tube has been allowed to cool for a 
short time. 

If a mere trace of iodine vapour is evolved, it may be 
detected by holding in the tube a glass rod which has been 
dipped into fieshly-made starch solution ; the starch will be 
coloured blue. 

The starch solution is made by stirring a Uttlp starch powder with 
some water in a small porcelain dish, then boiling for a few seconds, 
and cooling the solution. 

563. OuSO^-solution produces a white precipitate (Cu^I,) 
in solution of iodide, and causes the separation of iodine, 
which colours the liquid brown : — 

IK I + 2Cu80, = Cii J, 4 - 2K,SO, + I,. 

If the copper sulphate solution has been mixed with solu- 
tion of or of FeSO^ befoie it is added to the iodide, the 

precipitate and liquid aie not discoloured by free iodine: — 

2CuSO, + 4KI + + H,0 - Cu J, + 2K,SO, + H,SO, 

4-2111. 

The formation of the precipitate is accelerated by warm- 
ing the liquid. 

Separate this precipitate from the liquid by decantation 
or by filtration, and warm it with strong IT^SO^ ; the acid 
will become red, and violet iodine vapour will be evolved. 

Solution of chloride and of bromide diflfers from that of 
iodide by not being precipitated by CuSO^-solution. 

564. Strong if it is warmed with a solid iodide, 

causes the evolution of acid fumes (HI), accompanied by 
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violet iodine vapour. If the iodine vapour is large in 
quantity, it will condense on the inside of the tube as a 
black solid. 

The iodine vapour colours starch solution blue. This may 
be proved by holding in the vapour a glass rod, or a strip of 
paper, which has been moistened with freshly-made starch- 
solution ; or by pouring out the heavy iodine vapour into a 
white porcelain dish, the inside of which has been wetted 
with the starch-solution. 

Iodine is evolved in larger quantity, if MnO^ has been 
mixed with the iodide before it is warmed with (554)- 

565. Chlorine-water, or solution of bleaching-powder 
which has been acidified with HCl, if it is added carefully 
drop by drop to solution of an iodide, sets iodine free. The 
iodine dissolves in the water, colouring it brown : some of 
the iodine may also separate as a black powder. 

The addition of Cl in excess must be carefully avoided, as 
it would form colourless iodine chloride, which does not give 
the following reactions. 

Divide the brown liquid into three parts in three test- 
tubes. 

1. Heat one part; violet iodine vapour will be given oh’, 
and will be seen on looking down the tube at a white surface. 
The colour is most distinctly seen if some strong H^SO^ is 
added to the liquid before it is heated. If a glass rod is 
dipped into starch-solution and is then held in the iodine 
vapour, the starch will become blue. 

2. To another portion of the brown solution add starch- 
solution ; an intense blue colour will be produced. The 
colour often appears black, unless much starch-solution is 
added and the liquid is largely^iluted. When the solution 
is heated it becomes colourless, but it often regains its colour 
on being cooled: the solution must be diluted, and the starch 
must be added in excess, in order to ensure the removal of 
the colour by heat. 

8, To the third portion of the brown solution add a drop 
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of OS2 and shake well ; the will dissolve the iodine, and 
this solution will gradually settle down as a beautiful violet 
layer beneath the water, when the liquids are allowed to 
stand at rest. 

Pour in a little KHO solution, and shake the liquids together ; the 
violet colour of the CSo will disappear, owing to the formation of 
the colourless salts KI and KIOj. 

566. Nitrous acid (HNO,).— If a little KNO^ is dissolved 
in solution of an iodide and a dilute acid is added, HNO, is 
produced and liberates the iodine. 

A solution of in dilute also sets free iodine 

from an iodide (II52). 

The iodine thus liberated may be identified by the three 
methods which are described in paragraph 565 i of these the 
starch test and the CS^ test are the most delicate. 

When the two reagents, mentioned above, are used for 
liberating iodine from an iodide, they present the advantage 
over Cl that they do not hinder the detection of the iodine, 
even when they have been added in excess. They also present 
the advantage that they do not liberate Br from a bromide. 

567. HgCL^ solution gives with solution of an iodide a scarlet preci- 
pitate (Hgl 2 ), which IS easily soluble in excess of solution of HgCLj 
or of soluble iodide. With a solution of bromide or chloride, HgCl.j 
gives no precipitate. 

568. PbA^-soi^ition gives with solution of iodide a bright yellow 
precipitate (Pblg) if this precipitate is dissolved in the least 
possible quantity of boiling water, it separates again in the form of 
beautiful golden yellow crystals when the liquid is cooled. 

With solution of bromide or chloride, PbA^-solution gives a white 
precipitate. 

569 Hydrogen iodide, or Hydriodio acid (HI), is a colourless, 
fuming, soluble gas, resembling HGl and HBr. Its solution differs 
from solution of HCl or of HBr by evolving iodine when it is heated 
with MnOa. 
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Detection of Chloride, Bromide, or Iodide, when it 

OCCURS ALONE. 

570. Chloride, Bromide, or Iodide is easily detected by 
the foregoing tests. The reactions given in paragraphs 
554 > 555 are perhaps the most characteristic tests for a 
chloride ; and the tests described in paragraphs 558, SS9, 
560 distinguish a bromide ; an iodide is detected with the 
greatest ease and certainty by the reaction described in 566. 

The colour of the precipitate which has been produced by 
adding AgNO, to the solution made acid with HNO3, 
the behaviour of this precipitate with AmHO, are less trust- 
worthy indications than the above tests ; but they often 
serve to demonstrate which of these acid-radicles is present. 
AgCl is 'pure white and is very easily soluble in AmHO ; 
AgBr is pale 'yellow and is not readily soluble in AmHO ; 
while Agl is primrose-yellow and is almost insoluble in 
AmHO. 

The action of hot strong H,SO^on the precipitate of Agl, 
which is described in paragraph 562, is also distinctive of 
iodide. 


Detection of Chloride, 6romide, and Iodide, when 

THEY occur together. 

The detection of these acid-radicles, wheji they occur 
together in solution, may be effected by either of the methods 
which are described in paragraphs 572, 573 The method 
in par. 572 will be found to be the more rapid in practice. 

If chloride is known to be absent, bromide and iodide may 
be tested for by the method described in paragraph 574. 

Insoluble salts must be treated as is directed in paragraph 
571,* before they can be examined by the following 
methods. 

57X.* Insoluble Compotinds must be decomposed hy meaos of 
Na^COj, in order to obtain the chloride, bromide, and iodide in 
solution. 
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Boiling with Na^COj-bolution will effect this change in the case of 
some substances, but heating the finely-powdered substance with 
three times its weight of fusion mixture (NagCOj + K0CO3) on plati- 
num foil or in a platinum capsule is a more certain and general 
method. 

The carbonates are fused for about ten minutes ; the mass is 
allowed to cool, and is then boiled with water and the filtered 
solution IS examined by one of the following methods (572, 573, 
574 ). 

This treatment with fused alkaline carbonates may be employed 
for rendering the precipitate which has been produced by AgNOj 
(552, 557, 562) suitable for the following examination. 

572.* First Method. — The most convenient method of 
examining for the presence of chloride, bromide, and iodide, 
when they may be present together in an aqueous solution, 
consists in testing for bromide and iodide in one part of the 
liquid by the chlorine test (559> S^S) » driving off bro- 

mine and iodine, if they are present, from another part of 
the liquid by means of acidified K^Mn^Og solution, and test- 
ing for chloride by means of ^gNOg (SS^). 

The aqueous solution of the substance is referred to below as the 
“ original solution.” If the substance to be tested is insoluble in 
water, it must be treated with Na.gCOg as is directed in paragraph 
571* in order to obtain the acid-radicles in solution. 

To a portion of the original solution, which is to be 
tested, add a few drops of CS^ : then add to it cautiously, 
drop by drop, either chlorine- water or acidified solution of 
bleaching-powder, and shake the liquid after each addition. 

If the CS^ does not become Coloured^ bromide and iodide 
are absent ; chloride may then be tested for, by adding to 
another part of the original solution HNO3 in excess and 
AgNOg (552). 

If the CaSj becomes Colo^red^ note the colour which first 
appears. If the OS^ becomes brown at once, bromide is 
present and iodide is absent ; if the OS, is coloured violet^ 
iodide is present, and the cautious addition of the chlorine 
solution must be continued with shaking ; if the 08 ^ turns 
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brown, the presence of bromide is proved : if no brown 
colour appears, bromide is absent. 

Proceed to test for chloride as is directed below. 

Kemove bromine and iodine from another portion of the 
original solution by acidifying with dilute H^SO^, adding a 
little potassium permanganate solution, and boiling the solu- 
tion in a porcelain dish until the brown colour of the liquid 
disappears. Then add more permanganate solution cau- 
tiously and boil the liquid, and continue these processes until 
the addition of permanganate no longer produces any brown 
colour, and the liquid retains a pale pink colour for a few 
seconds : this proves that all bromide and iodide have been 
removed. 

’ Now add AgNOg : the formation of a white precipitate 
will prove the presence of chloride. 

573.* Second Method. — The method of examination is varied 
according as iodide is present or absent Since chloride cannot be 
detected in the presence of ioc^ide, the iodide must be separated 
before proceeding to examine for the chloride. 

To a small })ort ton of the Original Solution, which has been made 
just acid by the addition of dilute HgSOg, add a little cold freshly- 
prepared starch-solution. Then add, drop by drop, either strong 
HNO3, solution of nitrous acid (566). The appearance of a dark 
blue coloration will show the Presence if Iodide, 

Examine the remainder of the original solution for chloride and 
bromide, according to the directions given under («) or (Z>), the 
seleciion of the method depending upon whether Iodide has been 
found or not. 

n 

{a) Iodide is Present , — Add to the original solution a mixture of 
CuS04-solution with half its measure of strong HgSOj-solution, and 
warm gently for a short time ; CU.3I.2 will be precipitated (563). 

In order to ascertain whether the iodide has been entirely precipi- 
tated, filter a small quantity of the liquid and warm it with a little 
more of the above reagent. If any further precipitate is produced, 
return the filtered portion to the unfiltereS liquid. Then add more 
of the reag^t to the whole of the fiquid, warm it again for a time 
and test it again, in order to see if the removal of iodide is complete. 
Repeat these Wials until a small portion of the filtrate ^ves no 
farther precipitate, when it is warmed with more of the reagent. 

Then filter tlm liquid until it is perfectly clear, add KHO in excess 
to the filtrate, and boil the liquid. Filter off the precipitate thus 
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produced ; and test the filtrate, which is now free from iodide, for 
bromide and chloride as is directed below (h). 

{})) Iodide ^.s Absent — Make the solution alkaline, if it is not 
already so, by the addition of pure KHO ; and evaporate it to dry- 
ness in a porcelain dish Scrape the residue off the sides of the dish, 
and mix it with three or four times as much powdered K2Cr207 by 
rubbing the two substances together in the dish with a pestle. 

Transfer this mixture to the tube or flask shown in figure 73 (505), 
or to a Clarke’s retort (fig. 74 , 555), taking the greatest care to let 
none of the powder remain in the neck or in the delivery-tube. 

Then pour in sufficient strong H2SO4 to cover the powder to the 
depth of about a quarter of an inch, and mix the acid and powder 
by cautious shaking. Dip the end of the delivery-tube info water 
contained in a test-tube or receiver and warm the mixture gently, 
carefully guarding against any of the mixture passing over into the 
water in the test-tube or receiver. 

As soon as no more reddish-brown vapour is visible in the delivery- 
tube, discontinue the heating, and immediately withdraw the tube 
containing the water. 

If no coloured vapour has been evolved and the water in the tube 
is colourless, chloride and bromide are absent. 

If the water is coloured, pour into it sufficient CSg to form a layer 
about half an inch in depth at the bottom of the test-tube. Close 
the mouth of the tube with the thumb, shake the tube vigorously, and 
then allow it to stand at rest. If the CS2, as it settles down, shows 
a brown colour, the Presence of JBr, denied from Bromide^ is shown. 

Separate the water from the CSgJ^y pouring it through a wet filter; 
add to the filtrate AmHO in excess, then HA in excess, and then 
PbAg-solution. The formation of a yellow precipitate indicates the 
presence of a chromate, and this proves indirectly that Chloride was 
present (555) in the original substance. 

574.* Iodide and Bromide may be tested for in the solution as follows. 

Pour sufficient CS.2 into the liquid to form a large drop at the 
bottom. Then add, drop by drop, either dilute chlorine-water or 
acidified solution of bleaching-powder, shaking thoroughly after 
each addition. 

• 

Iodine will be liberated and will colour the CSg purple if Iodide 
IS Present, 

Continue the addition of Cl-solution very cautiously : the violet 
colour will disappear, and the appearance of a brown coloration in 
the CSg will indicate the Presence of Bromide. The brown colour may 
be destroyed by the further addition of chlorine-solution. 
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GROUP V.— PHOSPHATE GROUP. 

575, This Group includes phosphate and arsenate 

Phosphate and Arsenate resemble one another closely in 
many of their reactions. They present points of difference, 
however, which render their distinction possible. 


Phosphate (PO^). — Use Na^HP04.12H30. 

576. MgSO^-solution, to which some AmOl has been 
added and then a little AmHO, gives with solution of a 
phosphate a white crystalline precipitate (MgAmPO^.GHgO.) 

This precipitate is almost insoluble in AmHO, but is 
easily soluble in acids. If \?ery little phosphate is present, 
the precipitate often appears only when the liquid has been 
gently warmed, then well stirred or shaken, and then 
allowed to stand for some time. 

577. Fe^Olg-solution, if it is dropped into phosphate solu- 
tion, to which a little HA and NaA-solution have been pre- 
viously added, gives a yellowish-white precipitate (FeP04). 

578. Ammonium molybdate (AmHMo04).~When a drop 
of phosphate-solution is added to a solution of AmHMoO^ 
in HNO3, it gives a yellow precipitate. 

The formation of this precipitate is hastened by gently 
warming, and stirring or shaking the liquid ; but the pre- 
cipitate appears only after a time in very dilute solution of 
a phosphate. See Precautions on p: 227. 

A part of the precipitate usually adheres firmly to the 
inside of the tube ; this may be removed by solution of 
KHO, NaHO, or AmHO, in which it is readily soluble. 
The precipitate is only slightly soluble in inorganic acids, 
and is practically insoluble in HNO3. 
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Precautions. — This is a most delicate test if it is properly per- 
formed. It serves to detect the presence of mere traces of phosphate, 
when careful attention is paid to the following precautions. 

The AmHMo04-solution must be prepared according to the direc- 
tions given in paragraph 1162, Remark 40. 

The solution to be tested must not be alkaline to test-paper It 
should be made distinctly acid by addition of HNO3, and then 
added in mall quantify only to some of the AmHMo04-solution in a 
test-tube. More of the solution must only be added, if no yellow 
precipitate forms after the liquid has been gejitly warmed and 
stirred. 

This last precaution is extremely important, since the presence 
of an en'ceaa of qiho^phate altogether preienta the Jormation of the pre- 
cipitate. 

Show that this is the case, by pouring a few drops of AmHMo04- 
solution into some NaoHP04-solution which has been acidified with 
HNO3. No precipitate will form even when the liquid is heated and 
shaken, since the phosphate is present in large quantity as compared 
with the AmHMo04. If a few drops of this liquid mixture, however, 
are now added to some fresh AmHMo04-solution, the precipitate 
will appear. 

It must also be remembered that the presence of much HCl retards 
or prevents the formation of this precipitate. A solution of the sub- 
stance acidified with nitric acid alone, should therefore be used if 
possible. 

579. AgNOj : yellow precipitate (Ag^POJ : pour oft’ a 
portion of the liquid with the precipitate and show that 

the precipitate is soluble in AmHO and in HNOj. 

• 

580. Ignition with Mg or Na — A very delicate test for the presence 
of P, occurring in the form of phosphate or otherwise, consists in 
strongly heating the dry solid substance with Mg powder, or with a 
small piece of Na, in a little tube of bard glass closed at one end. 
When the cool tube is broken and the powdered substance is breathed 
upon, a smell of onions will be perceived ; this is due to the produc- 
tion and escape of PHj, which has been formed by the action of the 

moisture of the bieath upon the metallic phosphide. 

> 

581. Flame-Coloration. — If a phoephate is made into a paste with 
strong H.2SO4 and the mixture is then heated strongly at the tip of the 
inner blowpipe-fiame, it gives a bluish-green colour to the flame. 

582. Blowpipe-test. — Many phosphates, when they are moistened 
with Co{N03)2*i'Olution, and are then heated in 11 e outer blowpife- 
flame, become blue. 
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583. Hydrogen phosphate, or Phosphoric acid (H3PO4), is a coloui. 
less crystalline substance Its solution is stiongly acid, and differs 
from H2SO4 by not charring paper which has been dipped into it 
and then dried by heat. The presence of H3PO4 may be detected 
by reactions 576, 578. 


Arsenate (AsOJ. — Use Na^HAsO^ 12H^O solution. 

584. The precipitates formed in reactions 576-578 by 
a phosphate, are precisely similar in appearance and general 
properties to those formed when the same reagents are used 
with solution of an arsenate. But AmHMoO^ gives a preci- 
pitate with an arsenate only when the liquid is boiled^ and not 
when it is gently heated^ as in the case of a phosphate. 

Moreover, the precipitate which AgNOg gives with an 
arsenate is hrown^ while that given by a phosphate is yellow 

(579)- 


Detection and Separation of Arsenate 
AND Phosphate. 

585. The following Differences serve to detect and 
separate phosphate and arsenate ; — 

1. The fact that an arsenate yields a precipitate with 
AmHMo04 only when the liquid is boiled, whereas the 
corresponding precipitate is produced by a phosphate when 
the liquid is only gently heated. 

2. Arsenate solution, which has been boiled with strong 
HOI, gives, when is passed into the hot liquid, first a 
white precipitate of S and then yellow ASgSg ; phosphate 
solution under the same circumStances gives no precipi- 
tate. 


3. In perfectly neutral arsenate solution AgNOg gives a 
brown precipitate ; with phosphate it gives a canary-yellow 
precipitate. 
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Detection of Phosphate or Arsenate. 

586. The Simplest Method of ascertaining which of 
these two Acid-radicles is present is to throw the pre- 
cipitate, which has been produced by the addition of AmCl, 
Am HO and MgSO^ {576) upon a filter ; then wash it with 
a little cold water, and drop AgNO, -solution upon it. If the 
precipitate consists of MgAmAsO^, it will become brown ; 
if it is MgAmPO^, it will become canary-yellow. 

The precipitate, which has been produced by the addition 
of AmCl, AmHO and MgSO^, may also be examined for 
arsenate by dissaving a part ot it in dilute HNO3, adding 
AgN 03-solution as long as it causes any white precipitate, 
and then adding very dilute AmHO gradually drop by 
drop. 

If arsenate is present, a brown precipitate will form just 
before the liquid becomes alkaline to test-paper : a phos- 
phate will give a yellow precipitate. 

Instead of mixing the dilute AmHO with the acid liquid, 
the AmHO may be gently poured in upon the top of the 
liquid : the colour will then appear at the surface of contact 
of the ammonia-solution with the acid liquid. 


Detection of Arsenate, Phosphate and Arsenite, 

WHEN they are PRESENT TOGETHER. 

587.* A clear mixture of solutions of MgS04, AmCl and 
AmHO is added as long it causes any further precipitate : 
the liquid is filtered and the filtrate is preserved. 

A small portion of the precipitate is then tested at once 
for arsenate by dropping AgNOg-solution upon it. If the 
precipitate turns yellow. Phosphate is present, and Ars&nate 
is absent. If the precipitate turns brown, Arsenate is 
present, and Phosphate may also be present. 
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The arsenate must be separated from the other part of 
the precipitate before phosphate can be tested for. 

The rcvSt of the precipitate is accordingly dissolved in a 
little boiling strong HCl, and H^S is passed for several 
minutes into this hot solution ; the presence of an arsenate 
will be confirmed by the precipitation of white S and yellow 

a»’A (3I3)- , 

This precipitate is filtered off and is again passed 
into the boiling filtrate. If any further piecipitate is pro- 
duced, the gas must be further passed until it no longer 
causes a precipitate in the boiling liquid. 

The precipitation by H 2 S is lendeied complete without delay, if 
the original solution in HCl is firat treated with H^SOj. See para- 
graph 313. 

The clear filtrate is then evaporated just to dryness, the 
residue is dissolved in a little dilute HNO3, and this solu- 
tion is tested for phosphate^by adding a few drops of it to 
AmHMoO^ solution and gently w aiming the liquid (578). 

Arseniie may he tested for by acidifying the filtrate, which 
has been reserved from the original Mg precipitate, and 
passing Hj,S into it. Yellow As^Sg will be precipitated at 
once if arsenite is present. 
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VI.— UNGROUPED ACID-RADICLES. 

The following Acid-radicles are not included in any of the 
preceding Groups : — Borate, Chromate, Silicate, Fluoride, 
Fluosilicate, Permanganate, Phosphite, and Hypophosphite ; 
together with the rarer Acid-radicles, Tungstate, Molybdate, 
Selenite, Tellurate, Tellurite, Titanate and Vanadate. 

These Acid-radicles present no marked resemblances to 
one another or to other Acid-radicles in their reactions; 
they are therefore usually detected by special tests. The re- 
actions of the rarer acid-radicles have been already described 
under the metals, since they are precipitated by Group- 
reagents for the metals. 


Borate (BO3), — Use Borax, NajjBPylOHgO. 

588. Turmeric-test, — Powder some borate finely, and 
stir it with a little dilute HCl on a watch-glass. Immerse 
the lower half of a strip of turmeric-paper in this liquid, and 
dry it on a watch-glass in the steam-oven (98), upon a 
water-bath (88), or above a small flame. The part of the 
test-paper which was moistened will now appear reddish- 
brown^ and will become hluish-hlach when it is moistened 
with AmHO. 

589. Alcohol-flame Coloration. — Pour alcohol upon some 
finely-powdered borate in a test-tube or porcelain dish : add 
a little strong H^SO^; then heat the mixture, and kindle 
the spirit. The flame ^will show a green edge; this is often 
most clearly seen when the vapour is relighted after the flame 
has burnt for a time and has then been extinguished. 

This flame-coloration is similar to that which is given by 
certain other substances; but its spectrum, consisting of 
three or four equidistant green lines, is quite characteristic 
(fig. 68, p. 100). 
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590. Blowpipe-flame Coloration. — If a mixture containing CaF.2, 
KHSO4, and a borate is finely powdered, then moistened, and heated 
on a loop of platinum wire in the inner blowpipe-flame for a short 
time, it will colour the outer flame momentarily green. 

This test is not always decisive, since many phosphates and 
copper salts give a similar result. The flame-coloration is also 
liable to be masked by the colorations of other substances. 

591. Hydrogen borate, or Boric acid (HgBO^), usually occurs com- 
bined with 2HjO as a crystalline scaly hydrate. When this substance 
is strongly heated, it yields a fusible glass consisting of BgOj. 

The solution of boric acid turns the colour of blue litmus-paper 
to wine-red. 

The reactions in paragraphs 588, 589, and 590 serve to detect 
boric acid. 

The acid is soluble both in water and in alcohol ; and when these 
solutions are evaporated, the bone acid partially escapes with the 
vapour of the liquid. 


Chromate (CrOj. —Use Potassium dichromate, KgOr^Oy. 

All chromates are more or less yellow or red in colour. The yel- 
low solution of a normal chromate becomes orange-red when an 
acid is added, owing to the formation of a dichrornate * while the 
reddish solution of a dichrornate beconies pale yellow when it is 
made alkaline, owing to its conversion into a normal chromatj. 
See remarks under Chioraium, p. 137. 

592. Reduction of Chromate to Chromic ‘salt. — Yarious 
substances, which readily combine with oxyjen, deoxidise 
acidified chromate solution and produce a chromic salt; the 
colour of the solution at the same time changes from orange- 
red to bright green. 

Add HCl or H^SO^ to some chromate solution, and 
deoxidise separate portions of this liquid by each of the 
following methods. In every ^ase Jhe colour of the liquid 
will change to bluish-green. 

(a) Pass HgS into the hot solution ; white S will separate 

owing to oxidation of the hydrogen of the H^S. 

(b) Add NaHSOj or H^SOg and warm. 
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(c) Add alcohol and boil : the smell of aldehyde will be 

noticed. 

(d) Boil for some time, after adding much strong HCl : 

Cl gas will be slowly evolved. 

(e) Add Zn and warm : the reducing action of the 

nascent H will be slow. 

The following equations show the reactions which occur with H2S 
and with HCl — 

KaCraO^ + . 3 H 2 S + 8HC1 = CraCl^ + 2KC1 + 7 HgO + S .. 

KaCr.A + 14HC1 = CraClg + 2KC1 + THgO f 3CU. 

The equations repiesenting the other processes of deoxidation may 
be drawn out by the student. 

The green solution, which results from the above reactions, will 
give all the reactions for a chromic salt (202-205) and since chromic 
acid is reduced by boiling HCl and by HgS to chromic salt, the pre- 
sence of a chromate will lead to the precipitation and detection of 
OrgHgOg in the ordinary course of analysis. This chromic hydroxide, 
however, will be known from the colour of the original solution to 
be the result of the reduction of chromate. 

593. Hydrogen peroxide (H^O^) or Barium peroxide 

(BaOg), if it is added to a coZc^^acidified solution of chromate, 
produces an intense but evanescent blue coloration. 

This colour . is far more permanent, if ether is first 
added and the liquid is then vigorously shaken imme- 
diately after the addition of the peroxide : the ether assumes 
and retains a blue colour. The addition of a few drops of 
strong HNO3 is useful. This reaction is extremely delicate 
and characteristic. 

594. PbA, : yellou) jprecipitate (PbOrOJ : soluble in 
KHO, insoluble in HA. 

595. AgNOj : purple~red precipitate (Ag2Cr04) : soluble in AmHO 
and in HNO3. 

596. BaCl2 ‘ yellowish-white precipitate (BaCr04) : insoluble in 
HA, soluble in HCl. 
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597 . Hydrogen cliromate, or Chromic acid, is present in the 
reddish-yellow liquid which is produced by dissolving CrOg in water, 
and by acidifying a solution of a chromate. Its solution evolves Cl 
and becomes green, when it is boiled with HCl. When solution of 
chromic acid is neutralised by an alkali it becomes yellow, and the 
yellow solution yields the above reactions for chromate. 


Silicate (8103). — Use solution of Sodium silicate, Na38i03 ; 
and finely-ground sand, SiO„ for a solid. 

598. HOI, if it is added drop by drop to solution of a 
silicate, which is meanwhile constantly stirred or shaken, 
will give a gelatinous precipitate of orthosilicic'acid (H^SiOJ 
unless the solution is very dilute. Since the silicic acid may 
remain in solution, the non-appearance of a precipitate is no 
proof of the absence of a silicate. 

The solution of silicate, which is used for these reactions (No. 140, 
1164 ), is made of such strength that acids do not cause a precipitate 
in it ; but if some of the solution is boiled down to a quarter of its 
volume, the precipitate will usually be obtained on the addition of 
an acid. 

599. Separation of SiO^. — If silicate is present in small 
quantity, or is in dilute solution, it may be detected by acidi- 
fying the solution with HCl and evaporating the liquid to 
dryness in a porcelain dish. The evaporation is finished on 
the water-bath, and the residue is heated on the water- bath 
(88) as long as acid fumes are given off. 

Insoluble SiO, is thus produced, and remains undissolved 
as a white powder when the dry residue is stirred and 
warmed with strong HOI. 

During the last part of the evaporation over a flame, after the 
silica has separated as a gelatinous mass, spirting will occur unless 
the heat is lessened and the residue is stirred with a glass rod. 
This spirting may be also prevented by finishing the evaporation 
upon a water-bath ( 88 ) as soon as the liquid thickens. 

The Si 02 , which is left undissolved by HOI, is invisible as long 
the liquid remains in the porcelain dish. It is rendered visible by 
stirring the liquid and at once pouring it out into a glass vessel. 
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600. Microcosmic-bead. — When either a silicate or 

is fused into a bead of microcosmic salt (NaAmHP04.4H20) 
it is not wholly dissolved, but the SiOj, floats about in trans- 
parent particles in the melted bead, and is visible as little 
opaque masses when the bead is cold. The particles of SiOg 
are usually most easily seen while they are in motion in the 
fused bead. 

601. Na.CO} in Blowpipe-flame.— If solid SiOg ora silicate is heated 
in a fused bead of Na^CO^, it causes frothing : this is due to the 
evolution of COg — NaaCO. + SiOo^CO^-l-NajSiOj 

602. AmCl, or AmoCOj, causes a gelatinous precipitate of H4S1O4, 
which usually forms only after a time. 

603. Certain silicates, if they are moistened with ColNOjlgand are 
then heated on charcoal in the outer blowpipe-flame, become blue. 

604. Hydrogen silicate, or silicic acid (H 4 S 1 O 4 ), can exist in 
solution in water, and has a slightly acid reaction. It is ordinarily 
met with, however, in the hydrated state as a colourless gelatinous 
substance, which does not affect the colour of litmus. 

In this gelatinous form silicic acid is insoluble in water, and is 
only very slightly soluble in acids, but it dissolves as an alkaline 
silicate in solution of caustic alkali or of alkaline carbonate. 

When the gelatinous hydrated acid is strongly heated, it yields a 
white insoluble powder, Si02, whi^’h gives the reactions in paragraphs 
600, 601. 


Fluoride (P). — Use finely-powdered CaFg. 

The ordinary tests for a fluoride depend upon the liberation of 
hydrofluoric acid, which is then allowed to act upon a glass surface 
and to etch or corrode it. 

605. Strong HgS04, if it^is warmed with a little 
powdered fluoride in a test-tube, liberates HF. This acid 
etches the glass, and causes the sides of the tube to throw 
off the liquid when it is shaken up, as a greasy surface 
throws off water. 

If the cooled mixture is washed out of the tube and the 
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inside of the tube ispeifectly dried, the glass will be seen to 
be dimmed and roughened. Gentle friction with a glass rod 
will often detect the roughness of the etched surface, even 
when this is not perceptible to the eye. 

6o6. Etching a Watch-glass. — The preceding test becomes 
much more delicate if it is carried out as follows. 

A watch-glass is carefully heated by holding it in crucible- 
tongs at some distance above a flame. Its convex surface is 
then rubbed with a piece of paraffin-wax, and is thus covered 
with a melted layer. This layer is made uniform by once 
more heating the glass, allowing any excess of wax to drop 
off, and then keeping the glass moving while it cools. The 
coating of wax is then finally hardened by immersing the 
glass for a short time in cold water. 

Lines or characters are now traced in the wax, near the 
middle of the glass, by gentle pressure with the point of a 
penknife ; the object being s’mply to remove the wax from 
these parts, and not to scratch the glass. 

When the glass has been thus prepared, it is placed, with 
its coated surface downwards, as a cover to a platinum 
crucible or small leaden cup, which contains a little finely- 
powdered fluoride and strong 

Some cold water is then poured into the glass in order to 
keep it cool, and the bottom of the vessel is heated by a very 
small flame; the covered vessel is then allowed to stand for 
about fifteen minutes. 

The watch-glass is now removed, and is cleansed by hold- 
ing it,with crucible- tongs above the flame and quickly wiping 
off the melted wax. 

On the clean bright surface thus obtained, the traced lines 
will usually be visible at once when^the glass is held up to 
the light ; but if mere traces <rf fluoride were present, the 
tracing may only become visible when the cold surface is 
breathed upon, and is then examined by reflected light. 


607. Ponnation of Silicon fluoride (SiFJ. — ^The above 
methods do not serve for the detection of fluoride in the 
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presence of silicate or of silica, since under these circum- 
stances the action of HjS 04 liberates SiF^ instead of HF. 

S 1 F 4 possesses no power of etching glass. But it gives 
rise to white fumes in moist air , and when it is passed into 
dilute Am HO, it yields a colourless flocculent precipitate of 
H^SiO^, and produces AmF in the solution. 

The formation of the precipitate of silicic acid is sufficient 
proof of the presence of a fluoride ; but after this precipitate 
has been filtered oflf, the AmF may also be detected in the 
filtrate. This is eflected by adding CaClg-solution to the 
clear liquid, then filtering off the precipitate of CaFj,, and 
drying and examining it as is directed in paragraph 6o6» 

The above method is employed for detecting fluoride in 
minerals which contain silica or silicate. The method is also 
sometimes utilised for the detection of fluoride in a sub- 
stance, which has been previously intimately mixed with 
SiOg so as to render it suitable for the above test. 

In order to try the reaction, a mixture of CaF^ and SiO^ 
may be heated with strong A small piece of marble 

should be dropped into the tube in which the SiF^ is being 
produced : this evolves COg, which carries the silicon fluoride 
over into the AmHO solution. The changes which occur are 
thus expressed by equations : 3 — 

20a¥, t SiO, + 211,804 = SiF^ + 2H,0 + 2CaS04. 

S 1 F 4 -h 4 AmHO = H^SiO^ + 4AmF. 

608. CaCl„ when it is added to solution of fluoride, gives 
an almost transparent gelatinous precipitate (CaF.,), which 
becomes more visible when the liqukl is heated or when 
AmHO is added: this precipitate is slightly soluble in HCl, 
but is almost insoluble in HA. Difference from fluosihcate. 

Solution of NaF may be prej^red for the above reaction, by fusing 
a mixture of powdered CaF .2 and fusion-mixture on platinum foil for 
several minutes • then boiling the cool mass on the foil in water, 
filtering the solution, and acidifying the filtrate with HA. 

609. Hydrogen fluoride, or Hydrofluoric acid, HF, is at ordinary 
temperatures a colouiless gas, which fumes in the air, etches a glass 
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surface, and dissolves freely in water. The solution of HF is acid 
in reaction, and differs from all other acids by decomposing and 
dissolving SiOg. 


Fluosilicate (SiFg). — Use Hydrogen fluosilicate, H^SiFg. 

6 10. BaOl^: white precipitate (BaSiFg), This precipitate 
usually appears only when the solution is gently warmed, 
and differs in this respect from BaSO^. 

It differs from BaSeO^ (370) by being only slightly 
soluble in boiling HCl : it is insoluble in alcohol. 

Allow this precipitate to settle and reserve it for the 
reaction in paragraph 6l2. 

The above precipitate shows some resemblance to BaS04 since it 
is only slightly soluble in IICl, but it differs in appearance by being 
more or less transparent and crystalline. Fluosiiicates differ also 
from sulphates by giving no precipitate with Sr(NO^d2 ^i^h 
Pb(NOj)3. Further, when they are heated with excess of Am HO 
they yield a flocculent precipitatfe of H4Si04, and leave AmF in 
solution (607). 

Fluosiiicates also differ from sulphates by the following very dis- 
tinctive reactions. 

611. KCl-solution, when it is warmed with solution of 
fluosilicate, gives a very transparent gelatinous precipitate' 
(KgSiFg) : this precipitate is only visible after it has been 
allowed to settle for a time : it is insoluble in 'alcohol. 

612. Strong H3SO4, if it is heated with solution of fluo- 
silicate, causes HF to be given off: this vapour may be 
detected by its etching action on glass (606). 

This reaction is especially useful for ascertaining whether a pre- 
cipitate, which has been produced by BaClg, consists of or contains 
BaSiFg. 

The precipitate from paragraph 618 may be tested by this process. 
The precipitate is allowed to settle : almost all the water is then 
poured off : the remainder of the water is shaken up with the preci- 
pitate and is at once poured into a watch-glass the rest of the water 
is then decanted, and the precipitate which remains on the glass is 
warmed for some time with strong After the glass hg^ been 
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washed and dried, it will be found to be corroded where the preci* 
pitate rested. 

When the more delicate process described in paragraph 606 is 
employed, the precipitate should be shaken up with the liquid and 
poured off into a platinum crucible or leaden cup. The liquid is 
then decanted, and the precipitate is warmed with strong H2SO4 
as is described in paragraph 606. 

The processes of filtering off and drying the precipitate may be 
substituted for decantation, but they are less rapidly executed, and 
are only suitable when the precipitate of BaSiFg has been obtained 
in some quantity. 

613. CaCla gives no precipitate in fluosilicate solution. (Difference 
from fluoride ) 

614 Hydrogen fluosilicate, or Fluosilicic acid, H2SiFg, is a strongly 
acid liquid, which volatilises entirely as 2HF + S 1 F 4 when it is heated 
in a platinum vessel. Accordingly when this acid is evaporated in a 
watch-glass, the glass is etched. The acid is precipitated by BaCl2 
and by KOI (610, 61 1). 


Phosphite (PHOj).— U se solution of Na3PH03. 

615. AgNOg ’ black precipitate (Ag), when the liquid is allowed to 
stand or is heated. The addition of AmHO in small quantity increases 
the delicacy of this test, but it must be remembered that the original 
precipitate is soluble in excess of tliis reagent. 

616 HgClo • white precipitate (HgaClg), which becomes grey (Hg) 
when the liquid in which it is suspended is heated. 

617. PbAii white precipitate (PbPHOg), which is insoluble in acetic 

acid. 

618. Reduction reactions. — Solution of phosphorous acid, or of a 
phosphite which has been acidified with HA, acts as a reducing 
agent : but its action is not so powerful as that of hypophosphorous 
acid (623), as the following reactions will show . — 

t 

(a) A drop of KaMUgOa-solution is not reduced and decolorised 

by phosphorous acid • but reduction, attended with loss of 
colour, takes place when the liquid is heated. 

(b) A drop of CUCL2- or of CuS04*solution is not reduced and de- 

colorised even when the liquid is heated. 
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6ig. Solid Phosphite, when it is heated, gives oif a mixture of 
hydrogen and hydrogen phosphide : the latter gas is known by its 
garlic smell : the mixture of gases is spontaneously inflammable in 
contact with air, and burns with a bright white flame, emitting white 
fumes . red phosphorus is usually deposited on the interior of the 
ignition-tube during this combustion. 


Hypophosphite (PHqOj). — U se solution of NaPHgOa. 

620. AgNOj white precipitate (AgPH.jO.j), which gradually be- 
comes black ; the change is more rapid when the liquid is heated, 
and is due to the formation of metallic silver. 

621 HgClj white precipitate (Hg.jClo), which forms slowly on 
standing, but more rapidly when the liquid is heated. 

622. PbA2 : no precipitate. (Difference from phosphite ) 

623. Reduction reactions. — Solution of hypophosphorous acid, or of 
a hypophosphite which has been acidified with HAj acts as a power- 
ful reducing reagent . this is proved by the following reactions * — 

(a) A drop of K2Mn.208-solution is reduced and decolorised, when 

it IS added to the cold solution. 

(b) “^Yhen the solution is mixed with a little CuS04-solution and 

the mixture is heated to 55 ° C., red copper hydride (CuHg) 
is precipitated, and this evohes H and leaves metallic 
copper when the liquid fs heated. 

(c) When the solution is mixed with a little CuCl^-solution, the 

copper salt is decolorised and white CU2CI2 is precipitated ; 
the CugCla then gradually changes to red metallic copper. 

624. Solid Hjrpophospliite, when it is heated, gives off hydrogen 
phosphide ; this gas may be recognised by its garlic smell, and by 
kindling spontaneously in contact with the air : it burns with a 
bright white flame which emits white fumes and usually deposits 
red phosphorus on the interior of the ignition-tube. 


Permanganate ("MnaOg).— Use solution of KgMngOg. 

Solid perh[ianganates are usually very dark red or purple in colour ; 
their solutions are usually purple or reddish-purple. 

625. KHO, if^it is Added in large excegB,^ cavsas the pur|)le ^oIqw: of 
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the solution to change to green • this is due to the conversion of the 
permanganate into manganate • 

K^MnaOs + 2KHO = 2K2Mn04 + HoO + 0. 

The purple colour reappears when this alkaline green liquid is 
acidified (629). 

626. Reducing reagents. — The addition of SO.2, HgS, acidified solu- 
tion of nitrite, or of other reducing reagents, at once destroys the 
purple colour of permanganate-solution, and a nearly colourle.ss 
manganese salt is formed. It follows that in the ordinary course of 
analysis permanganate will be converted into a manganous salt> 
which will be detected in Group III B. 

627. Solid Permanganate, or permanganate in strong solution, 
when it is mixed with dilute H2SO4, evolves oxygen gas : with dilute 
HCl chlorine gas is evolved with strong acids, gas is evolved with 
explosive violence. 


Manganate ( 'MnOj) —Use alkaline solution of K2Mn04. 

Solid manganates aie almost bljick : their solutions are bluish - 
green in colour. 

628. undergo decomposition in contact with 
water with production of purple permanganate and MpOj, unless 
much alkaline hydrate is present — 

3K2Mn04 2H2O =- -I- IKHO + MnOo 

If 

629. An acid, if it i& added in hufiicient quantity, causes the green 
solution of manganate to change to reddish-purple solution of per- 
manganate . even CO^ can pioduce this change, and it may therefore 
be brought aboM by exposure of the manganate solution to air : — 

3 K 2 Mn 04 + 3H0SO4 = KjMn.308 + 21^.3804 + MnS04 H SH.^O + 0. 

The above change is reversed when solution of an alkaline hydrate 
is added in excess to the red solution (625). 

630. Reddoing reagents decolorise an acidified solution of man- 
ganate and produce mange nous salt (626). 


Persulphate ("SjOg). — Use Ammonium persulphate, 

“ dissolved in cold water. 

630a. When a strong cold solution is boiled it gives off oxygen gas 
which may be collected and identified by causing a glowing wooden 

16 
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splinter to burst into flame. The persulphate is reduced and 
sulphate remains in solution. 

630b. BaCla gives a precipitate only when the solution is boiled. 
Since, however, persulphate almost invaiiably contains sulphate as a 
product of decomposition, the test should be made by adding BaCl2 
in excess, filtering off any BaS04 through a double filter paper, and 
then boiling the clear filtrate • the formation of a white precipitate 
will indicate the presence of persulphate. 

630c. MnS04-solution gives a brown precipitate of hydrated MnOo 
when the liquid is boiled. 


Tungstate (WO4).— Paragraphs 397-400. 


Molybdate (M0O4). — Paragraphs 357-363. 


Selenite (SeOg).— Paragraphs 365-368, 371, 372 


Tellurate (Te04). — Paragraphs 377, 378. 


Tellurite (leOg). — Paragraphs 374-376, 378. 


Titanate (TiOj).— Paragraphs 263-267. 


Vanadate (VO4). — Paragraphs 271-276 



SECTION IV.— PART IV. 


THE DETECTION AND ANALYTICAL 
REACTIONS OF ORGANIC SUBSTANCES. 


Introductory Remarks. — Organic substances may be 
defined as chemical compounds containing carbon. 

Methods are desciibed below for detecting the presence 
in organic substances of the elements carbon, hydrogen, 
nitrogen, sulphur, phosphorus, chlorine, bromine, and iodine. 

The processes of determining the melting-point of a 
readily fusible solid and the boiling-point and specific 
gravity of a liquid, and the separation of liquids of different 
boiling-points by fractional distillation are also given. 

The special analytical reactions for certain important 
organic substances are then described in detail. These 
include organic acid-radicles, alkaloids, hydrocarbons, haloid 
compounds, alcohols and phenols, aldehydes and ketones, 
amido-compounds, carbohydrates, albuminous substances, 
and chemically related substances. 


I.—DETECTION OF ELEMENTARY CONSTITUENTS 
OF ORGANIC SUBSTANCES. 

2 


Detection of Carbon. 

631. Ignition of Substance.— The presence of carbon 
in an organic substance is frequently indicated, by the sub- 
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stance becoming charred or blackened, when it is heated 
alone or with strong Carbon is also evolved as 

COj when certain organic substances are heated either 
alone or with strong H^SO^ : the CO^ thus evolved may be 
detected by means of lime-water (505)* 

632. Ignition with Copper oxide. — A more certain and 
general method of detecting carbon consists in mixing the 
organic substance intimately with finely-powdered copper 
oxide (OuO), or with some other solid oxidising compound, 

Fig. 75. 



Detection op Carbon and Hydrogen in an 
Organic Substance. 


and heating the mixture strongly. The carbon is then 
evolved as CO„ and this may be detected by passing it into 
lime-water (505). * 

The method may be tried by mixing a little sugar with 
four or five limes its measure of finely-powddred OuO. This 
mixture is then placed in the closed end of aiiard glass test- 
tube, and the remainder of the tube is nearly filled with 
granular CuO. The open end of the test-tube is then fitted 
with a bent glass delivery-tube, and the tube is heated in 
a Bunsen-flame, care being taken that the granular oxide is 
heated to redness before the mixtur e itself is heated. The 
experiment may be made in a longer tube, which is heated 
by the Bamsay burner (fig. 75 ) ; the heat is first applied 
to the granulated oxide, and when this is at a red heat the 
mixture is gradually heated to the same temperature. The 
delivery-tube dips into a vessel containing lime-water,^ which 
serves to indicate the evolution of CO,* 
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Note 1. — In the case of a volatile iKiuid the apparatus must be 
modified so as to cause the vapour of the Ihiuid to pass slowly over 
the red-hot copper oxide, the products of combustion passing on 
into the lime-water. 

Note 2. — It must be remembered that many carbonates, and all 
bicarbonates, evolve COj when they are heated. Caibonates may 
be distinguished from other organic bodies by evolving COj when 
they are acted upon by cold dilute acid (505). 


Detection of Hydrogen. 

633. Ignition of Substance. —Many organic substances, 

which contain oxygen, evolve their hydrogen more or less 
completely in the form of steam, when they are heated. If 
the substance is heated in a test-tube, the steam con- 
denses on the cooler part of the tube in the form of water 
drops. > 

634. Ignition with Copper oxide. — The presence of hydro- 
gen in an organic substance may, however, be detected with 
greater certainty at the same time as the carbon, by the 
method of oxidation with CuO at high temperature (632). 
T^e hydrogen is converted by this oxidation process into 
steam, which condenses in the form of water drops in the 
cooler part of the test-tube, or in the delivery- tube. The 
bulb in the delivery-tube (fig. T^)) is of advantage, since 
it reduces the velocity of the current of escaping gas and 
vapour, and therefore promotes the condensation of the 
steam. 

The presence* of hydrogen in sugar is proved by the pro- 
duction of the water, which has condensed in the apparatus 
during the test for carbon (63?). 

This test is rendered more delicate by placing some white 
anhydrous CUSO4 in the bulb ; the entrance of even a trace 
of moisture turns the CuSO^ blue. 

Note. — Any moisture which is present in the substance or in the 
copper oxide will be evolved as steam, and will be condensed as is 
described above Both the organic s^^tance and the CuO must there- 
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fore be perfectlj dried, in order to a^old a wrong inference being 
drawn as to the presence of hydrogen in the organic substance itself. 
A solid organic substance may usually be freed from moisture by 
heating it in the steam-oven (98) for about an hour, and the copper 
oxide should be dried by igniting it to redness for an hour. 


Detection of Nitrogen. 

635. Ignition of Substance.— Nitrogen is evolved from 
many organic substances in the form of ammonia, or of 
an organic derivative of ammonia, when the substance is 
heated. The ammonia, or other alkaline substance, may be 
readily detected by its pungent smell or by its alkaline 
action upon moist turmeric-paper (145). See Note (636). 

636. Ignition with Soda-lime — A more certain and 
general method of detectipg the presence of nitrogen 
consists in mixing the organic substance intimately with 
powdered soda-lime, and then heating the mixture strongly 
in a hard glass test-tube. Either ammonia, or a basic sub- 
stance cont.aining nitrogen such as an amine, will be evolved, 
and may be detected by turning moist turmeric-paper brown. 

In trying the reaction urea or albumen may be employed. 

This test is applicable to most organic substances which 
contain nitrogen, with the exception of nitro^ nitroso-, azo-, 
and diazo-bodies. ^ 

Note — It must be remembered that many ammonium compounds 
evolve NH3 when they are heated, and that they all evolve NHj when 
they are heated with soda-lime. Ammonium compounds, however, 
evolve NH3 when they are gently heated with »olufion o/KOH ; they 
may be distinguished in this way from most organic compounds con- 
taining nitrogen, which require to be legated much more strongly 
with ituUd KOH, or with soda-lime| before they evolve NHj. 

637. Ignition with Sodium and Production of Prus- 
sian Blue. — Another general method for the detection of 
nitrogen consists in converting the nitrogen of the organic 
substance into a soluble cyanide, and then producing Prus- 
sian blue ’’ from this. 
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Heat the nitrogenous substance (urea, or albumen) strongly 
with a small piece of sodium or potassium in a small hard 
glass ignition-tube. Break up the tube in some water in a 
mortar with the pestle. Transfer the liquid with the substance 
to a boiling-tube, warm gently and filter. Then add a few 
drops of solutions of Fe^Clg and of FeSO^ : and unless the 
liquid is already strongly alkaline to test-paper, add KOH in 
excess. Then warm the liquid, and add HCl in excess. The 
formation of a dark blue precipitate, or of a blue or dark 
green solution, indicates the formation of Prussian blue ; and 
the nitrogen, which is a constituent of this Prussian blue, 
must have been derived from the organic substance. 

This reaction is more delicate than the preceding one 
(636); and it serves for the detection of nitrogen in all 
organic substances with the exception of thediazo-compounds. 

Note. — If sulphur is present, the organic subitance must be mixed 
with iron filings, or better with “’•educed iron,” before it is heated 
with sodium. 

The presence of ready formed cyanogen-compounds in the organic 
substance may be ascercained by special tests (650 and Xtftc). 


Detection pr Sulphur. 

The Presence of Sulphur in an organic substance may 
be detected by converting the sulphur either into Na^S 

(638) or into Na^^SO^ (639). 

638. Ignition with Sodium, and Formation of Sulphide. 

— Ignite the organic substance (albumen) with a small piece of 
sodium : then extract the residue with warm water, filter the 
solution, and add to the filtrate, made alkaline if necessary 
with NaOH, solution df sodium nitroprusside : the presence 
of sulphur will be indicated by a violet coloration* 

Addition of lead acetate-solution will produce black PbS ; 
but this test is less delicate than the nitroprusside reaction. 

639. Ignition with NaNO,, and Formation of Sulphate. 

— Mix the solid organic substance (albumen) in a porcelain 
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crucible with four times its measure of dry Na^COj and its 
own measure of NaNOj, and heat until the .alkali salts are 
fused. Dissolve the cool product in dilute HCl, and add 
BaCljj : a white precipitate (BaSOJ shows the presence of 
sulphate, which has been formed from sulphur in the organic 
substance. 


Detection of Phosphorus. 

The Presence of Phosphorus in an organic substance may 
be detected by converting it into PH3, or into phosphate. 

640. Heating with Magnesium.— Carbonise the substance 
by heat, then mix it with magnesium-powder and heat the 
mixture strongly : now moisten the cold residue with water : 
an onion-like smell of PH, will be observed, proving the 
production of magnesium phosphide, and the presence of 
phosphorus in the original substance. 

641. Ignition with NaNOj, and Formation of Phos- 
phate. — Heat the solid substance with fused Na^COj and 
NaNOj, as has been described for the detection of sulphur 
(639). Then dissolve the residue in dilute HNO,, and add 
a few drops of this liquid to some AmHMoO^-solution and 
warm gently : the formation of a yellow precipitate proves 
that phosphate has been formed, and indicates the presence 
of phosphorus in the original substance (578). 


Detection of Chlorine, Broaune, and Iodine. 

• 

The Presence of the Halogen Elements in an organic 
substance may be detected either by the flame-coloration of 
their copper salts, or by converting them into sodium salts 
and then applying the ordinary tests to the solution of 
these salts. 
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642. Copper Flame-coloration. — Fix a piece of CuO in a 
loop of platinum wire, and heat it strongly in the outer Bun- 
sen-flame until it gives no colour to the flame. Tnen dip 
the OuO into the organic substance (chloral) and ignite it 
again, first in the inner and then in the outer Bunsen-flame ; 
a green flame coloration with a blue centre will appear, and 
will indicate the presence of chlorine in the organic sub- 
stance. A similar result is obtained if the organic sub- 
stance contains either bromine or iodine. 

This test, therefore, only .serves to indicate the presence of 
a halogen, and does not distinguish between the different 
halogen elements. 

643. Ignition with Soda-lime or with Sodium. — Mix a 
little of the organic substance (chloral) with soda-lime free 
from chloride, place the mixture in a hard glass test-tube, 
and fill up the tube with soda-lime. Heat the soda-lime to 
redness (632, fig. Tn), and then gradually extend the heat- 
ing to the mixture. Dissolve the cold soda-lime in dilute 
nitric acid, and test the clear .solution for chloride, bromide 
and iodide in the ordinary way (552, et seq.). 

Or the substance may be ignited with a small piece of 
soaium, and the clear solution tobhiined by extracting the 
cold residue with water is then examined by 552, et seq. A 
cyanide will be fbrmed if nitrogen was present in the sub- 
stance (637, 647, et seq,). 


II.— DETERMINATION OF SPECIFIC GRAVITY, 
MELTING-POINT, AND BOILING-POINT. 

The Identification of a pure Organic Substance is fre- 
quently aided by the determination of its specific gravity 
and of its melting-point if solid, or its boiling-point if 
liquid, since these are constant properties. These determi- 
nations may take the place of analytical tests, but they are 
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more frequently used with the object of confirming the 
results which are yielded by analytical reactions. 

The determination of the specific gravity of a solid sub- 
stance involves accurate weighing on a chemical balance. 
Directions for the process are given in Section I. in Cloues 
and Coleman's Quantitative Analysis. 

The specific gravity of a liquid may be determined by 
accurate weighing, but the determination by means of a 
correct hydrometer (644) is much moire rapid and con- 
venient. 

When a solid substance possesses a melting-point which 
can be taken by a mercurial thermometer, the process de- 
scribed in paragraph 645 may be employed, and will be 
found to be rapid and simple in execution. The fusing- 
points of most inorganic substances are, however, too high 
to admit of being determined by this process. 

The determination of the boiling-point of a simple liquid, 
within the range of a mercurial thermometer, is described 
in paragraph 646 Mixed liquids may often be separated 
by fractional distillation (646a), and then identified by their 
boiling-points. 


Determination of the Specific Gravity of a Liquid. 

• 

644. The Hydrometer serves to determine the specific 
gravity of a liquid rapidly, since it enables the process of 
weighing to be dispensed with. The apparatus consists of a 
glass or metal float (fig. 76 ), which is weighted below to 
such an extent as to cause it to assume a vertical position 
when it is floating in the liquid. The stem is so graduated 
that the numbered mark, which is level with the surface of 
the liquid, when the hydromefer is floating freely, shows the 
specific gravity of the liquid. The temperature of the liquid 
must be adjusts to the temperature at which the hydro- 
meter has b^n ^aduated : this is usually 15 * 5 ° C. 

All specific gra^ties which are given in this book corre- 
spond to the temperature of 15 * 5 ‘" C. 
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Determixation of the Meltixg-point of a Solid. 

645. The Method commonly in Use for determining the 
melting-point of a substance is illustrated in fig. 77. 

The solid substance is placed in a thin-walled glass tube, 
which is about inch in diameter and is sealed at one end. 


Fig. 76. 



Hydrometer. 


Fig. 77. 



Such a tube is readily made by drawing out, in the Bunsen- 
flame, a thin- walled r. arrow test-tube about inch in 
diameter. 

This tube is attached to the stem of a delicate thermo- 
meter just above the bulb, by binding it by fine platinum 
wire. If the thermometer is to be dipped into water only, 
a little rubber ring, cut oflf some small rubber tubing, may 
be slipped over the larger end of the tube and the thermo- 
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meter stem (fig. 77), instead of binding it with platinum 
wire. 

The thermometer and tube are then placed in a beaker 
containing a liquid which has a higher boiling-point than 
the melting-point of the solid. Water, strong H2SO4, or 
melted paraflin-wax may be used in the beaker, according 
to the temperature which is required. 

The beaker is then gently heated until the solid melts, and 
the temperature of liquefaction is accurately noted by the 
thermometer. 

The process should be repeated several times with fresh 
portions of the substance, and the mean temperature, which 
has been obtained from these experiments, should be taken 
as the melting-point of the solid. 

The following points require to be attended to. 

If the mercury-thread of the thermometer extends above 
the surface of the liquid, tho correction which is described 
in the Note in paragraph 646 must be applied to the reading. 

During the process of heating, the contents of the beaker 
should be constantly mixed by means of a stirrer, which is 
made of bent glass rod or stout wire in the shape shown at h 
in fig. 77. This continuous .stirring is necessary, in order 
secure a uniform tempeiature throughout the mass of the 
liquid duiing the determination. 

In the case of certain fats, and of some ot^ier substances, 
it is difiicult to see the exact point of liquefaction. This is 
facilitated by using a tube which is open at both ends. 

if there is any difliculty in introducing the substance into 
this open tube, the fine end of the tube may beinseited into 
the melted substance. A small quantity of the liquid will 
enter the tube by capillary attractien. This is allowed to 
cool and solidify, and the tube fs then attached to the ther- 
mometer and immersed in the water as before. 

At the moment of liquefaction, the substance will be 
forced '^p the tube by the pressure of the liquid in the bath. 
The teikperature of the thermometer is noted when this 
movement is seen to occur. 
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It should be borne in mind that some substances, more 
especially the animal fats, show a lower melting-point when 
the process of fusion is repeated immediately after solidifi- 
cation. In such cases the normal melting-point is regained 
after the substance has remained in the solid condition for 
a sufficient interval of time. 

Experiment. — The melting-point of naphthalene may be deter- 
mined, using a beaker which contains watei for the bath. The 
melting-point should be approximately 80° C. 


Determination of the Boiling-point of a Liquid. 

646. The Boiling-point of a simple Liquid may be deter- 
mined in the following way. 

The liquid is placed in a flask (fig. 78), the neck of which is 
closed by a perforated cork tlu‘ough which a thermometer 
passes, the bulb of the thermometer being close to the sur- 
face of the liquid. The liquid is then heated to boiling, and 
the bulb and part of the stem of the thermometer are thus 
surrounded by the vapour of the boiling liquid. 

The neck of the flask has a side exit-tube, and if the liquid 
has a low boiling-point this side-tube should be connected 
with a cold-water condenser ; but for less volatile liquids 
a plain glass .tube, about thirty inches in length and 
cooled only by the atmosphere, will suffice (fig. 78). 

As soon as the reading of the thermometer remains con- 
stant, the temperature is registered as the boiling-point of 
the liquid. 

Note.— This reading will, however, require to be corrected, if the 
thread of mercury in the theribometer extends above the cork. 
The following formula gives the correction to be added 

N(T- Ox 0-000143. 

Here N is the number of degrees on the thermometer-stem which are 
not heated by the vapour ; T is the temperature indicated by the 



264 


DETERMINATION OF BOILINO-POINT. 


1646, 


thermometer ; t is the temperature taken by placing the bulb of a 
second thermometer midway between the cork and the top of the 


Fio. 78. 



mercurial column during the piocess, the second bulb being screened 
from the direct heat of the Bunsen-flame ; and 0*000143 is the 
apparent coefficient of expansion of mercury. 

It should be remembered that considerable differences of atmo- 
spheric pressure will cause appreciable variations in the boiling- 
point. All the boiling-points, which are given hereafter, correspond 
to the normal atmospheric pressure of 760 mm. of mercury. 

Experiment. — The boiling-point of methylated spirit may be 
taken by this method. It should be approximatejy 78° 0. 
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Separation op Liquids by Fractional Distillation. 

646 a. Fractional Distillation may be employed to separate 
two or more miscible liquids which differ in their boiling- 
points by at least 20 degrees. 

If a mixture of two such liquids is placed in a distillation 
flask (fig. 78, p. 254), fitted with a thermometer and a 
cold-water condenser, and the mixture is gradually heated, 
the following results will be observed. 

The liquid will begin to boil at about the boiling-point 
of the more volatile liquid, but as the heating is continued 
the boiling-point will gradually rise. After a time the 
boiling-point will rise rapidly until it approaches the boiling- 
point of the less volatile liquid, when it will again rise 
slowly until the whole of the liquid has distilled. 

If the volume of the distillate is measured from time to 
time, it will be found that the two largest volumes have been 
obtained while the thermometer indicates approximately 
the boiling-points of the two liquid constituents of the 
mixture ; and a partial separation of the constituents has 
therefore been effected. 

If each of these two main fractions is now separately 
distilled, it may be separated in a similar manner ; and a 
fairly pure sample of each of the constituent liquids 
may be obtained by again collecting separately those frac- 
tions of the distillate which pass over while the thermo- 
meter registers the boiling-point of the particular con- 
stituent. 

By repeating this fractional distillation a pure specimen 
of each of the original liquids may ultimately be obtained. 

The following example will illustrate this method of 
separation by fractional distillation. 

Experiment, — Make a mixture of equal volumes of pure 
alcohol and of water. Place 150 c,c. of this mixture in the 
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distillation flask fitted with a thermometer and a cold-water 
condenser (fig. 78, p. 254). Heat the liquid gently with a 
naked flame, and receive the fractions which pass over 
between 78°-85% 85°-92% 92"-98°, and 98 '^-100° sepa- 
rately in four clean dry flasks. 

When the volumes of these fractions A, B, 0, and D, 
are measured, fraction A will be about one-third of the 
total quantity, and may be proved to contain the greater 
part of the alcohol by its smell and by its ready inflam- 
mability. The fractions B and O are smaller in amount, 
and contain a mixture of alcohol and water, the proportion 
of alcohol being so small that the mixture is nob inflam- 
mable. Fraction D will be found to consist almost entirely 
of water by its tastelessness and freedom from smell. 

A further separation may be efiected by ‘‘refraction- 
ating *’ the fractions already obtained, until eventually the 
fraction with the lowest boiling-point will be almost pure 
alcohol and that with the highest boiling-point almost pure 
water. 

It will be obvious that a separation has thus been effected, 
and that special methods may now be applied for the iden- 
tification of each of the liquids. This method of procedure 
is often applicable to liquid mixtures. 
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ANALYTICAL REACTIONS OF ORGANIC 
SUBSTANCES. 


III.— ACID-RADICLES. 


Cyanide (Cy). — Use freshly-made solution of KCy. 

The alkaline cyanides smell faintly of bitter almonds, owing to 
the evolution of HCy : this acid is intensely poisonous. 

647 . AgNOg : white precipitate (AgCy). 

This precipitate is most easily obtained by pouring a drop 
of the KCy-solution into the AgNOg-solution. 

Show with three separate portions of the precipitate in the 
liquid, that the precipitate is soluble in KCy-solution when 
it is added in excess, and in AmHO, but is insoluble in 
dilute HNO,. ’ 

Filter off some of this precipitate, and wash it with hot water 
until HCl causes no milkiness with the last few drops of the washing 
water. Then dry it, scrape it from the filter into a porcelain cru- 
cible, and heat it strongly ; metallic silver will remain. If the cool 
re^yidue is warmed with a little diljite HNOg, it will dissolve, giving 
off reddish brown gas , and when a drop of HCl is added to this 
solution, a curdy precipitate (AgCl) will be produced. 

This method of examining the precipitate which has been pro- 
duced by AgNOj distinguishes AgCy from AgCl, AgBr, and Agl ; 
these are also precipitated by AgNOg and are insoluble in HNO3 ; 
but when they are dried and strongly heated, they fuse without 
undergoing decomposition. Hence, when HNO 3 is warmed with the 
cool mass after fusion, it cannot dissolve out Ag ; and when HCl 
is added to the HNO3, it either gives no precipitate, or it causes 
only a slight milkiness, which is due to the precipitate not having 
been perfectly freed from si^uble^ilver salt. 

This process is somewhat tedious and need seldom be used, since 
cyanide is readily detected and distinguished by the following 
reactions. 

648., “ Prussian Blue ” test. — FeSO, -solution and Fe,01j- 
solution are added to solution of cyanide, and the liquid is 

17 
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then made strongly alkaline with KHO, and boiled ; it 
is then cooled and acidified with HOI: Prussian blue 
[Fe/"(FeOyg)3] will be formed, and will appear as a deep 
blue precipitate : or, if the quantity of cyanide originally 
present was small, a bluish-green solution of the Prussian 
blue will be obtained. 

If no cyanide is present, the addition of HCl will produce 
an almost colourless and perfectly clear liquid, 

649. Formation of Sulphocyanide. — If dilute H^SO^ is 
added to a cyanide in a test-tube fitted as is shown in figure 
73 (p. 202), and then a small piece of marble is dropped in 
and the liquid is boiled, HCy will be carried over by the 
COj gas. If the gas is allowed to bubble through some 
Am^S-solution, AmCyS will be formed. 

If the solution is now boiled in a porcelain dish, and 
acidified when cold with HCl in order to remove unchanged 
AmjS, the addition of seve*'al drops of Fe^Clg will produce 
a red colour (662). The colour will be easily seen against 
the interior of the white dish. This result proves that HCy 
has passed into the Am^S, and therefore that cyanide was 
present in the original substance. 

A little of this red liquid should be added to some Hg^llj,- 
solution. If the red coloiir is destroyed, it was certainly 
due to the presence of a sulphocyanide. 

When HCl is added to the AmgS in the above reaction, white S will 
separate. If the yellow liquid has been previously boiled in a porce- 
lain dish until it becomes colourless. filUng in distilled water to pre- 
vent evaporation to dryness, the separation of S on the addition of an 
acid is prevented. But this separation of S is frequently advantage- 
ous, since its whiteness helps to show up even a faint reddish tint in 
the liquid. 

The marble is added in order to caifise evolution of COg gas ; the 
escape of the gas lessens the risk%f the Am^S being sucked back dur- 
ing the reaction * it also helps to carry over the HCy into the AmgS 
solution, and to prevent it from remaining behind in the test-tube. 

650. The Formation of Sulphocyanide can often be 
more simply secured, by boiling the solution of the cyanide 
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in a porcelain dish with yellow AnigS. The Am^S must be 
added until the yellow colour of the mixture remains after 
the liquid has been boiled for a short time. If a dark- 
coloured precipitate is formed, this must be allowed to settle, 
or must be filtered off, before the yellow colour of the filtrate 
can be seen. 

The whole of the liquid is then filtered, if necessary, and 
is acidified with HOI in the porcelain dish. Fe^Clg is then 
added in small quantity : a blood-red colour will be pro- 
duced, which will not be removed when the liquid is heated 
or is mixed with a little dilute HCl. The colour will be at 
once destroyed, however, when a few drops of the liquid are 
added to some HgCljj-solution. 

The methods described in paragraphs 648, 649, and 650 
serve as exceedingly delicate tests for cyanide. The methods in 648 
and 649 are often less readily performed than that in 650, but they 
exceed it in delicacy The method in 650 is only replaced by that 
in 649 in cases where, after the substance has been boiled with an 
excess of Am2S, the filtrate is dark coloured and therefore the red 
coloration would be invisible. 

The reactions in 648, 649 are given by many complex cyanides 

(653-661). 

651. HffCya and AgCy do not show the Reactions for Cyanide by 
methods 647, 648, 649, but when they are boiled with AmgS, accord- 
ing to method 650, AmCyS will remain in the filtrate from the black 
precipitate of sulphide, and will give the red coloration with FcgClg. 

When solid HgCy^ is heated in a small tube closed at one end, it 
gives off cyanogen gas, which burns with a peach-blossom coloured 
flame when it is kindled. 

652. Hydrogen cyanide, Hydrocyanic acid or Prussic acid (HCy), 
is a colourless, volatile, inflammable liquid which boils at 26"* 0. It 
readily mixes with water, and the vapour emitted from the acid or its 
solution smells like bitter almonds. The acid is highly pommous when 
it is inhaled as vapour or swallowed as liquid. Hydrocyanic acid is 
easily detected by the tests which have been already given for a 
cyanide. 
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Ferrocyanide {FeCy^". — Use solution of K^FeOyj.SHjO. 

The abbreviated formula, K4Cfv.3H20, is sometimes used (131). 

653. Fe,01„: dark blue precipitate of Prussian blue 
(Fe^Otyg) ; insoluble in HCl, soluble in to a dark 

blue liquid, and changed by KHO into brown Fe^HgOg. 

The solubility in H.26, and the insolubility in HCl, may be shown 
by pouring oif portions of the liquid containing the precipitate, heat- 
ing them with HCl and With H2O lespectively, then filtering and 
noting whether the filtrate is rendered blue by the solution of the 
precipitate. 

654* : light blue precipitate (Fe^KgCfy), which 

becomes darker in colour by oxidation on exposure to the 
air, or on the addition of Cl- or Br-water, or when it is 
warmed with HNO3 : it is insoluble in HCL 

655* OuSO,!! a chocolate*' coloured precipitate (Cu"3Cty), 
insoluble in HA. 

656. AgNOg : white precipitate (Ag4Cty), insoluble in 
HNO3 and in AmHO. When the precipitate is heated 
with HNO3, changes to orange-red AggCty which is 
soluble in AmllO, 


Ferricyanide {FeCy ^'\ — Use freshly-made solution 
of K3FeCyg. 

This formula is sometimes doubled and written as K6(FeCy6)2. It 
may be abbreviated to KgCty. 

657. Fe,01e ; dark green or bro^n coloration ; no preci- 
pitate is formed, as may be se«n when water is added to the 
liquid until it becomes transparent. 

658. FeSO,: dark blue precipitate of TurnbuWs Blue 
(Fe^jCfy,), insoluble in acids: its blue colour is destroyed by 
KHO. 
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659* OuSO^ : yellowish precipitate. 

660 AgNO^: orange-coloured precipitate (AggOty), in- 
soluble in HNO,, soluble in AmTTO, Frequently a white 
residue of Ag^Cty is left when AmHO is a(}ded ; this proves 
that K^Ofy was present in the KgCty-solution. 


661. Detection of Ferro- and Ferricyanide. — Ferro- and ferri- 
cyanide can be found and distinguished by their first three tests,* or 
by the precipitate which has been given by AgNOg in the solution 
acidified with HNOg This precipitate will have a more or less de- 
cided orange-red colour if a ferricyanide is present. If the preci- 
pitate IS separated from most of the liquid by filtration or decanta- 
tion and IS gently heated with AmHO, white Ag4Cty will be left 
if a ferrocyanide was present, and when the filtered ammoniacal 
liquid IS acidified with HNOg orange-red AggCfy will be repreoi- 
pitated. 


SuLPHOCYANiDE (CyS). — Uso solution of KCyS. 

662* FCiClj, : blood-red coloration, but no precipitate : the 
colour is weakened but not destroyed by HCl : it disappears 
entirely when the liquid is dropped into HgClg-solution, 
and differs in this respect froju the similar coloration which 
is produced by certain other organic acid-radicles. 


Formate. — Use Sodium formate, NaHCOg. 

Formic acid and formates much resemble acetic acid and acetates. 
A solid alkaline formate fuses and chars and emits CO and CO2 when 
it is strongly heated. 

663. FegClg imparts k dee^ red colour to the solution of 
a formate ; the coloration is destroyed by the addition of 
HOI. When the red liquid containing excess of formate is 
boiled the Fe is completely precipitated as basic ferric 
formate, and the liquid becomes colourless. This reaction 
is precisely similar to that for acetate (672). 



262 


FORMATE, ACETATE, OXALATE. 


[664-670 


664. AgNO^ or Hg2(N03)2, when it is heated with solution ol 
formate, in the absence of free acid or of alkali, yields with diffi- 
culty a precipitate of black Ag or of grey Hg. 

665. Silver Mirror. — When solution of formate is gentl} 
heated with ammoniacal solution of AgNOg, it gives no silver 
mirror (JVbte, 694). But free formic acid, or solution of 
formate which has been acidified with HA, gives a silver 
mirror when it is heated with AgNOg-solution. 

666. HgClg, when it is mixed with solution of formate 
and heated to about 70 ^ C., yields a white precipitate 
(HggOlg) if HCl and alkaline chlorides are absent. 

667. Strong H,S 0 „ when it is heated with a formate, 
evolves CO gas, which burns with a blue flame. No char- 
ring or blackening occurs, and no CO3 is evolved as in the 
case of an oxalate (675) • 

If a formate is distilled with dilute HgSO^, a distillate is 
obtained which emits the pungent smell of formic acid. 

668. Formic acid (H^CO,) is a colourless fuming liquid 
with a pungent smell ; it boils at 100 ® C., and is readily 
miscible with water, with alcohol, and with ether. It is 
powerful reducing reagent. 


Acetate (G.Hfi,) or (A).— Use NaA.SHgO. 

669. Ignition. — Many solid acetates, if thqy are strongly 
heated, blacken and evolve the vapour of acetone; this 
vapour possesses a peculiar smell, an^ burns with a bright 
flame when it is kindled. 

670. Strong H3SO4, when it is heated with an acetate, 
evolves vapour of HA. This vapour, if it is smelt in large 
quantity, is very pungent ; in smaller quantity it smells like 
vinegar. 
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671. Formation of Ethyl acetate. — If an acetate is first 
mixed with a little alcohol, and then with strong H3SO4, a 
fragrant smell of ethyl acetate (C^H^A) will be emitted when 
the mixture is warmed. The smell is most pronounced 
when the liquid is allowed to cool for a short time, and is 
then shaken up. 

672. Fe2Clg, if it is added in small quantity to solution of an 
acetate, causes a deep red coloration. 

If the red liquid containing an excess of the acetate is boiled, the 
Fe IS completely precipitated as light biown basic acetate . the 
liquid therefore becomes colourless. 

The red colour of the solution is changed to yellow by the addi- 
tion of a few drops of dilute HCl ; it is distinguished in this way 
from the coloration which has been caused by sulphocyanide (662). 

673. Cacodyl reaction. — This reaction must be carried out with 
due caution, since the vapour of cacodyl is lery poisonous. 

When a solid acetate is heated with a minute quantity of AsyOj a 
disgusting smell is produced, which is due to the evolution of the 
vapour of cacodyl, As(CH2)2. 

674. Hydrogen acetate, or Acetic acid (H.C2H3O2), is known as 
glacial acetic acid. At temperatures below 17 '’ C it is a colourless 
crystalline substance, which readily melts . it boils unchanged at 
118 ° C., giving off a very pungent inflammable vapour. This acid 
does not redden blue litmus test-paper until it is diluted. It is 
miscible with water, with alcohol, and with ether in all proportions. 


Oxalate (O3O4). — Use Am20304.2Hp. 


675. Strong H^SOp if it is heated with a solid oxalate, 
causes an efiervescence, which is due to the evolution of a 
mixture of 00 and OO3 : — 

Am^C^O^ + 3H3SO4 = 00 - 1 - OO3 -h 2 AmHSO^ -f H^SO^.H^O. 

The 00 may be detected by burning with a blue flame 
when a light is applied, and the OO3 is found by rendering 
lime-water milky (505, 1 , 3 , 4 ). 

No blackening or charring is caused by strong H3SO4. 
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Oxalates differ in this respect from most other organic acids 
and their salts. 

676. Solution of OaClj,, of CaSO^, or of CaH^O^, when 
it is added to solution of an oxalate, gives a white precipi- 
tate (CaCjO^), which is insoluble in Am HO and in HA, 
but soluble in HCl and in HNO3. Keep this precipitate. 

677. Conversion into Carbonate by Ignition. — Filter 
off the precipitate of CaC^O^ (676), and pour upon part of it 
some dilute HCl ; it will not effervesce. Dry the remainder 
of the precipitate, and heat it for a moment to dull redness 
on platinum foil ; it will be converted without hlackeyiing 
into CaCOg, and this will effeivesce when dilute HCl is 
poured upon it. 

This is a general test for oxalate of K, Na, Ba, Sr, or Ca ; since 
each of these oxalates, when it is ignited, leaves a carbonate which 
effervesces with an acid. Many other organic salts of these metals 
undergo a precisely similar chanj,e when they are ignited, but the 
change of these salts is usually attended by charring. 

678. Evolution of CO2 by Oxidation. — When an oxalate, either 
in the solid state or in strong solution, is heated with MnOg and 
H2SO4, it evolves COg — 

Am2C204 4 - MnOo + 3H2S04 = 2C0. f MnS 04 + 2 AmHS 04 + 2 H 2 O. 

Xote, — If the MnOg, which is to be used in the test, is not known 
to be free from carbonate, it is best to add a little HgS04 to the MnOg 
in a test-tube and then heat the liquid. If COg is found in the tube 
the heating should be continued, and the CO2 should be removed 
occasionally by sucking fresh air into the test-tube through a glass 
tube which is pushed down near to the surface of the liquid. 

As soon as no COg can be detected in the tube after it has been 
heated for a short time, the liquid being still distinctly acid, the 
oxalate is added and the mixture is again heated. CO2 will be 
rapidly given off from the oxalate, and (.may be detected by the 
ordinary methods (505, 1, 3, 4). 

679. AgNOj gives a white precipitate (Ag2C204), which does not 
darken in colour when the liquid is heated. 

679a. KHn04- solution acidified with dilute H2SO4 is decolorised 
in the cold by a soluble oxalate. (Diff. from other organic acids.) 
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680. Hydrogen oxalate, or Oxalic acid (H2C2O4 2H2O), crystallises 
in colourless rhombic crystals, which are soluble in water and in 
alcohol,' and slightly soluble in ether. The acid melts at 100 ° 0 ., 
and at 150 ° C. it partly sublimes unaltered evolving vapour which 
causes coughing, and is partly decomposed, H2C204=H.C00H + COg. 
It yields the reactions in pars. 675, 676, 678, and 679a. The crystals 
dissolve readily in water, producing an acid poisonous liqidd. 


Succinate. — Use Ammonium succinate, Am^O^H^O^. 

Benzoate. — Use Ammonium benzoate, AmCyH 502 . 

681. Succinic acid and succinate frequently smell of amber, while 
benzoic acid and benzoates commonly emit an aromatic smell of 
gum benzoin. 

Succinate and benzoate closely resemble one another in their ana- 
lytical reactions ; the following differences are therefore important. 

682. Distinctive Properties. — Succinic acid crystallises 
in monoclinic prisms, which melt at 182® C. : it is readily 
soluble in water. 

Benzoic acid usually crystallises in lustrous flat plates, 
which melt at 121® C. It is only slightly soluble in cold 
water ; the acid is therefore partially precipitated from its 
solution in alcohol when wateft? is added, and when strong 
HCl or any other strong acid is added to an aqueous solution 
of a benzoate. * 

683« Ignition. — When succinic acid and benzoic acid are 
heated they emit fumes, which are very irritating to the 
throat, and which cause coughing when they are inhaled. 
Benzoates, however, give oflf benzene when they are heated 
with soda-lime : the benzene is recognised by its smell and 
by burning with a smoky ^ame, and by the properties 
described in paragraphs 789, 79O. 

684 Bad, -solution, when it is added together with AmOH 
and much alcohol, precipitates succinates but not benzoates. 
A similar diflerence is shown with CaCl^. 
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MALATK, TARTEATK. 


[68fl-692, 


685. FeA gives a reddish-hrown precipitate with suc- 
cinate, and a 'pale brown or huff precipitate with benzoate. 

If the ferric benzoate precipitate is treated with strong 
HCl, benzoic acid separates in crystalline scales. 


Malate. — Use solution of Malic acid (C^HgO^) which has 
been carefully neutralised by AmHO. 

686. This acid is a colourless, crystalline, deliquescent 
substance, having a pleasant sour taste : it is readily soluble 
in water and in alcohol, but not in ether. 

687. OaCl^ : the addition of CaCl^, followed by boiling or 
by the addition of alcohol, produces a white precipitate in a 
neutral solution. This precipitate is soluble in AmHO. 
(Difference from citrate.) 

688. PbAj gives a white precipitate, which fuses and 
then dissolves when it is heated with sufficient water. If 
this precipitate is transferred to a piece of porcelain and 
heated, it swells up into a light puffy mass. 

689. AgN03 gives a white precipitate, which becomes grey 
when it is heated. 

690. Strong H2SO4, when it is heated Vith a malate, 
evolves CO and CO3, and the liquid gradually darkens. 


Tartrate (C^H^Og) or (T). — For a Neutral tartrate, use 
KNaT ; for an Acid tartrate, H^T or NaHT. 

691. Ignition. — When a solid tartrate is heated strongly 
in a tube, it chars and gives off a smell of burnt sugar. 


692. Strong HjSO^, when it is heated with a solid tartrate, 
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causes rapid blackening and evolution of a mixture of CO, 
COg and SOg. Accordingly if the mixed gases are passed 
successively through KgOrgOy-solution and through lime- 
water, SOg and OOg will be detected (505, 519) ; the resi- 
dual CO gas may then be kindled, and it will burn with the 
characteristic blue flame of CO. 

693. AgNOj produces in the strong solution of a neutral 
tartrate a white curdy precipitate (AggT), which is soluble 
in AmHO and in HNO3, Keep this precipitate. 

694. Production of a Silver Mirror. — Allow some of 
the precipitate from the preceding reaction to settle in a 
test-tube, and decant as much of the clear liquid as possible. 

Then pour very dilute AmHO drop by drop into the tube, 
until the precipitate, after it has been shaken up with the 
liquid, is nearly but not quite dissolved. 

Now place the test-tube in some cold water in a beaker, 
and heat the water to about G0°. A brilliant mirroT 4 ike 
film of Ag will be deposited upon the interior of the tube. 

Note. — If the original solution of the tartrate is dilute, the mirror 
is most easily obtained as follows. Very dilute AmOH is added to 
solution of AgNOj until the precipitate which forms at first is 
nearly redissolved. This reagent is added to the neutral tartrate 
solution. When the mixture is warmed, the mirror will be formed. 

If the liquid is quickly boiled, the Ag will be deposited as a dull 
black precipitate, which does not adhere to the glass and is not 
characteristic. 

695. CaOlg precipitates from the solution of a neutral 
tartrate white or crystalline CaT : this precipitate often 
separates only after the liquid has been shaken well, and 
has then been allowed to stand for a time. It is soluble in 
acids, and its formation i^ retarded by the presence of AmCl 
or of an Am-salt. 

When this precipitate is freshly formed, it is completely soluble 
in strong cold KHO solution which is free from KgCOg. If this 
alkaline solution of the tartrate is boiled, the CaT is reprecipitated ; 
but it dissolves again, more or less completely, when the liquid is 
cold. 
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TAETRATE, CITRATE, SALICYLATE. [696-699, 


Decant the cleai' liquid from the OaT-precipitate, and pour 
upon the precipitate a little very dilute AmHO. Then drop 
in a small crystal of AgNOg and heat slowly. A silver 
mirror will form on the part of the glass on which the 
crystal of AgNOg rests. 

696. KCl, or better KA, if it is added to the solution of 
an acid tartrate, or to solution of a neutral tartrate which 
has been acidified with HA, gives a white crystalline preci- 
pitate (KHT); this precipitate forms slowly unless the 
liquid is vigorously stirred or shaken. 

The precipitate is soluble in caustic alkalies and ih mineral 
acids, but is almost insoluble in alcohol ; hence alcohol is 
often added to hasten the precipitation. 

697. Fe.2Cl6- solution, if it is added in small quantity to solution 
of a tartrate, undergoes no precipitation when the liquid is made 
strongly alkaline by the addition of KHO or AmOH. 

The precipitation of several c^her metals (such as Al, Mn and Cu) 
from their solutions by alkaline hydrates, is similarly prevented by 
the presence of a tartrate. This is owing to the formation of a 
double tartrate, which is not decomposed by the alkali. 

698. Hydrogen peroxide. If a few drops of the peroxide 
are added to. a tartrate solution, then some FeSO^-solution 
and excess of KOH, a violet coloration will be produced. 
(Difierence from citrate.) Instead of addihg H^Og, NaOCl 
solution may be added to the tartrate-sol tttion which has 
been previously acidified with HA. 

6g8a. Resorcinol and solid tartrate, when gently heated with a 
little strong H2SO4, yield a dark red coloration. • 

Tartar emetic answers to this test, but not to some of those which 
are given above. 

699. Hydrogen tartrate, or Tartanc acia (H2T), forms colourless 
rhombic crystals, which are not altered by exposure to the air. It 
melts at 170° 0., has a pleasantly sour taste, and is soluble in water 
and in alcohol, but not in ether. It is detected by being heated 
either alone or with strong H2SO4 (691, 692, or 698a) ; and its solu- 
tion, if neutralised, yields the reactions in paragraphs 693-698. 
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Citrate. — Use Sodium citrate, Nag0gH507.2H20. 

700. A citrate much resembles a tartrate and an oxalate 
in its reactions; it differs by emitting pungent acid fumes 
when it is carbonised by heat, and by darkening when it is 
heated with strong H^SO^ only after the mixture has been 
heated for some time and inflammable gases have escaped. 

Citrate difters from tartrate by giving no precipitate with 
KA-solution (696), and by yielding no violet colour in the 
reaction in paragraph 698. 

701. CaOlg, or Lime-water. — Calcium citrate is only 
precipitated after long standing^ or when the liquid is boiled, 
after the addition of either a large excess of lime-water, or of 
a mixture of AmHO, AmCl and CaClg. This precipitate is 
insoluble m KHO. (Difference from Cal’.) 

702. AgNO^ gives a white precipitate, which becomes 
grey when it is heated. Solution of citrate, if it is gently 
heated with ammoniacal AgNOg-soluti on, causes either very 
slight precipitation of Ag or none at all (694). (Difference 
from tartrate.) 

703. Hydrogen citrate, or Citric acid (HgCgHgO^.H^O), 

crystallises in transparent rhombic prisms. It is very 
soluble in water, less soluble in alcohol, and only slightly 
soluble in ether. It melts at 100° 0. losing water and 
forming acomtic acid, and finally blackens giving off irri- 
tating fumes. 


Salicylate. — Use Salicylic acid, C^HgOg. 

704. Ignition. — Salicylic acid melts at 157°, and at a 
somewhat higher temperature it decomposes into CO^ and 
phenol or carbolic acid (OgHgO). It is sparingly soluble in 
cold water, but readily soluble in hot water. 
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TANNATE, GALLATE, MECONATE. 


[ 705 - 712 , 


705. Ignition with Soda-lime. — The decomposition of 
salicylic acid by heat is rapid and complete, if the acid has 
been mixed with excess of soda-lime before it is heated ; 
phenol condenses as a white crystalline sublimate in the 
cooler part of the tube. 

706 Pe^Olg . — The solution of salicylic acid becomes violet 
when FegClg-solution is added. This colour is destroyed by 
HCl but not by HA. (Difference from phenol.) 

707. Heated with H^SO^ and Methyl alcohol, salicylate 
gives a fragrant smell of methyl salicylate (oil of winter- 
green). 

708. HgSO^ and Nitrite. — The addition to salicylate of 

strong which has been mixed with a small quantity 

of 6 per cent, aqueous solution of KNO^, causes a permanent 
red coloration, (Difference from phenol.) 


Tannate, Gallate. — Use Tannic Acid, and 

Gallic acid, C^HgO^. 

709. These acids and their salts resemble one another in many 
analytical reactions. Tannic acid is fairly soluble in cold water, 
but gallic acid is only slightly soluble. The following differences 
are important. 

710. FOgOlg yields a hluish-hlack precipitate with each of 
these acids. The precipitate which has been caused by gallic 
acid disappears when the liquid is boiled. 

711. CuSO„ in ammoniacal soRition, gives a greenish- 
coloured precipitate at once with a tannate. 

With a gallate either the precipitate is not produced at all, 
or it forms only after a time. 


712. KON, if it is freshly dissolved, gives a red coloration 
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with a gallate ; the colour gradually fades, but it reappears 
when the liquid is shaken. 

No colour is produced when KCy-solution is added to 
a tannate. 

713. Strong H3SO4, when it is heated with a tannate, gives 
a brown coloration ; when it is heated with gallate a rich 
red coloration is produced which changes to claret colour. 
In each case SOj, is eventually evolved. 

714- Gelatine is precipitated from its solution by tannic 
acid. Gallic acid does not precipitate gelatine. 


Meconate. — Use solution of Meconic acid, CyH^O^.SH^O, 
neutralising it with dilute AmOH. 

715. Meconic acid is present in opium and in opium extracts It 
forms colourless crystalline scales, which are slightly soluble in cold 
water, and readily soluble in hot water and in alcohol. 

716. FegOlg. — Meconic acid may be detected by the pro- 
duction of a deep red coloration when it is mixed with 
r'e^Clg ; this colour is with difficulty destroyed by HCl. 

This coloration also differs from that caused by an acetate 
or by a formate, by not disappearing when the liquid is 
boiled : it mayjbe distinguished from ferric sulphocyanide by 
not being destroyed when the liquid is dropped into solution 
of HgOl,. 

717* PbAj-s'olution gives in solution of a meconate a 
white precipitate of lead meconate. 

718. CaOlg-solution give^ in neutral solution of a meco- 
nate a white precipitate [Oa3(OyHOy)2]. 

719. AgNOg gives in strong solution of a meconate a white 
precipitate of AggHjO^O^, which changes to bright yellow 
A gjHOyOy when a drop of AmHO is added. 
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URATE, HIPPURATE, PICRATE. 


[ 720 - 731 , 


Ueatb. — U se Potassium urate, KCgH3N403. 

720. Uric acid is a white crystalline powder, which is almost in- 
soluble in hot and cold water. 

721. HNO3 dissolves the acid with efltervescence : if this solution 
is evaporated to dryness in a poicelain dish, and the residue is then 
moistened with AmHO unless AmHO was originally present, bright 
red nmrex^^e is formed ; this becomes purple when KHO is added. 

722. HCl precipitates white uric acid from solution of a urate. 

723. Ignition — When a urate is heated in an ignition- tube it 
chars and gives off NHj 


Hippurate. — Dissolve Hippuric acid, CgH^NOj, in very dilute 
AmOH-solution, and neutralise if necessary. 

724 This acid occurs in colourless prismatic crystals • it has a 
bitter taste and a strongly acid reaction . it is only slightly soluble 
in cold water, but is freely solulhe in hot water and in alcohol. 

725. HCl causes a white crystalline precipitate of hippuric acid 
in a neutral solution of a hippurate. 

726. Fe2ClQ causes a flesh-coloured precipitate • this is decomposed 
by HCl, with separation of crystalline needles of hippuric acid. 

727. AgNOj gives a white precipitate. 

728. Ignition with Soda-lime. — When a solid hippurate is heated 
with soda-kme^ it evolves NHj and benzene (CgHg)^ 


PiCBATB, Picric Acid or Trinitro-phenol,.C0H3(NO2)3O. 

729. Picric acid is a yellow crystalline substance, which melts at 
122 * 5 ° C It is intensely bitter and staicis the skin yellow. It is 
very slightly soluble in cold watei^ but is soluble in hot water, in 
alcohol, and in ether. The metallic picrates are very explosive. 

730. Ignition. — When picric acid is heated in an ignition-tube it 
fuses, and then explodes slightly giving off dense black fumes. 

73 z Bleaching-powder : when picric acid is heated with bleaching- 
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REACTIONS OP THE ALKALOIDS. 
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powder-solution, it gives off a pungent odour resembling that of 
mustard-oil ; this is due to the formation of chlorpicrin. 

732. KHO and Glucose, when they are heated with picric acid, 
yield a brown colour this is due to the formation of picramic acid. 

733. Ammonia-copper sulphate solution, made alkaline with 
AmHO, gives a bright green precipitate. 


JV.— ALKALOIDS. 

734, Most Alkaloids are basic substances, and resemble 
NHj in their behaviour with acids. Their solutions are 
alkaline to test-paper ; the solutions of their salts are either 
neutral or acid in reaction. The free alkaloids are almost 
insoluble in water, hence solutions of their salts must be 
employed for trying the liquid reactions : the following 
reactions are generally given by these solutions. 

735* Na^jCOj precipitates t!ie hydrated alkaloid from 
strong solutions of its salts. 

736. Phospho-molybdic acid causes a yellow precipitate 
in the solution of an alkaloid 


Note. — This reagent is prepared as follows : — The solution of 
ammonium molybdate in nitric acid (1162, 72 ) is piecipitatedby the 
careful addition of sodium phdsphate solution (1160, 14 ). The pre- 
cipitate is well washed, and is then dissolved in Na2CO^-solution. 
This solution is evaporated to dryness and the residue is ignited. 
Water is then added and waimed with the residue, which is finally 
dissolved by adding considerable excess of HNO,. 

736a. PtCl^-solution, acidified with HCl, gives in solution 
of an alkaloid salt a yellow crystalline precipitate, similar 
to that obtained in solution of an ammonium salt. 


737. Iodine dissolved in Kl-solution gives a reddish- 
brown precipitate in the solution of an alkaloid. 


m Ignition.-When an alkaloid is heated on platinum 

helfd is 

heated with soda-lime it evolves NH 


18 



274 QUININE, CINCHONINE, MORPHINE. 1739-744, 

Quinine. — Use Quinine sulphate, C^yH^ 4 N, 02 .H^S 04 . 8 H^ 0 . 

Cinchonine. — Use Cinchonine sulphate : — 
^iA,Np.a,S0,.2H20. 

739. HCl and Ignition, — Both quinine and cinchonine, 
when they are mixed with HCl and evaporated to dryness, 
leave residues, which, when they are ignited, evolve purple 
vapour similar in appearance to iodine vapour. 

740. Fluorescence. — When quinine sulphate is being dis- 
solved in water, a few drops of dilute should be 

added ; the solution is intensely bitter, and gives a pale blue 
fluorescence. 

The similar solution of pure cinchonine sulphate is not 
fluorescent. 

741. Alkaline hydroxide or carbonate precipitates 
hydrated quinine from fairly strong solutions of a quinine 
salt ; this precipitate disapp-^ars when the liquid is shaken 
with ether. 

The corresponding cinchonine precipitate is not dissolved 
by ether. 

742. Br-water, or Cl-water, when it is added in small 
quantity, does not colour a soli.tion of quinine ; but if AmHO 
is afterwards added, an intense emerald-green colour appears. 

Cinchonine-solution under these conditions yields ayellow- 
ish-white precipitate. 

743. Br- or Cl-water and K^FeCyg. — If the addition of 
Br- or Cl-water to quinine solution is followed by the 
addition of K 4 FeC 3 ’’g-solution and one or twe drops of KHO- 
solution, a deep red tint is produced. This colour quickly 
changes to dirty brown : it is destroyed by HA, but re- 
appears when AmHO is cautiously added. 

744. K,FeOy„ gives a yellow precipitate in cinchonine 
solution : the precipitate is easily soluble in excess : it is 
also soluble in hot water, and crystallises from this solution 
as it cools. 
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Morphine. — Use Morphine hydrochlorate, 

745 . This alkaloid is present in opium and in opium extracts : it 
is prepared from opium. 

746* KHO or AmHO yields a white precipitate, which is 
soluble in excess of the reagent. 

747. HNO, . — The strong acid produces a yellowish-red 
colour, which does not change to violet on the addition of 
SnOlj. (Difference from brucine.) 

748. Fe^Clg- solution : if the neutral solution is added 
drop by drop to neutral morphine solution, it produces a dark 
him colour : this colour dissappears when an acid is added. 

749* ludic acid, when it is added to morphine and its 
salts, yields free iodine. The poparation of iodine is shown 
by the liquid becoming brown ; but the iodine is more cer» 
tainly and readily detected by adding starch-solution, or by 
shaking the liquid with CS^ (565, 2, 8), The brown colora- 
tion of the solution becomes more intense on the addition of 
AmHO. 

This test is very delicate and characteristic, if the solid substance 
is moistened with ^ solution of one part of iodic acid m fifteen of 
water, and solution of one part of starch in four hundred of water 
is then added ; when very dilute AmHO is poured upon the blue 
solution thus obtained, a coloured ring is seen at the suiface of con- 
tact of the two liquids ; the ring is him below and hroicti above. 

This reaction :serves to distinguish morphine from other 
organic substances which contain nitrogen. 

750. H,SO, gives no colour ,*when it is, added to a solution 
containing morphine; but when a crystal of K^CrjO^ is 
dropped into the acid liquid contained in a white porcelain 
dish, and the crystal is slowly moved about with a glass rod, 
an intense green colour appears. Quinine gives a similai* 
reaction. 
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STllYOHNINli, NARCOTINE, BRUCINE. [751-755, 


751, and KgOr^Oy. — If solid morphine or any of 

its compounds is dissolved by heating it with a few drops of 
strong and a minute quantity of HNO, is added to 

the cold solution, a deep red colour is produced. This colour 
turns to a mahogany tint when a fragment of K^OrgO^ is 
dropped into the liquid. 

752. AmHMoO^ : solution of the molybdate in strong 
HgSO^ produces an intense purple coloration, which changes 
to blue. 


Strycunixe. — Use Strychnine, 

753. When strychnine is being dissolved in water, a drop of dilute 
H2SO4 should be added. The solutions of strychnine are very 
poisonous : they possess an intenscl}" bitter taste even when they 
are extremely dilute. 

754 * H^SO^ and Kpr^o^. — Strychnine dissolves in strong 
H^SO^ to a colourless liquid. When a fragment of KprPy 
is added to this solution in a porcelain dish, and is slowly 
moved about by pushing it with a glass rod, a bluish-violet 
coloration is produced which gradually changes to red qr 
yellow. 

The presence of morphine, or of a metallic chloride or 
nitrate, interferes with this reaction. If any of these sub- 
stances are present, the strychnine may be ^precipitated by 
the addition of solution of K^FeCy^, or of KprO^; the 
precipitate is filtered oft’ and slightly w^ashed on the filter, 
and is then stirred with strong H^SO^. 

755 - HNO, . — The cold strong agid dissolves strychnine 
without becoming (?Qloured, but the solution acquires a 
yellow tint when it is heated. 
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Narcotine. — Use Narcotine, O^gH^^NOy, or its sulphate. 

756. Narcotine is present in opium, but it is not extracted from 
opium by the processes usually employed for obtaining morphine. 

757- H,SO, : the strong acid gives a bluish-violet colora- 
tion, which changes to orange ; with some specimens a yellow 
solution is produced at once. 

When this liquid is gradually v)armedy it becomes first 
orange-red and then bluish-violet^ or purple stripes proceed 
from the edge of the liquid surface: when the liquid is cooled, 
the colour changes to cherry-red. If the heating is pushed 
to the initial evaporation of the acid, an intense reddish-violet 
colour is produced. 

758. HoSO, and K^Cr^ — If narcotine is subjected to 
the reaction which has been already described for morphine 
in paragraph 751, an intense red coloration is produced. 

759. HNO^ : the strong acid produces a yellow coloration 
in the cold liquid ; this changes to red when the liquid is 
heated, but fades to yellow again as the liquid cools. 


Bructnk —Use Brucine, C.,.TL^5N.,04.4Ho0, or its sulphate. 

This substance may be dissolved in water to which a drop of H0SO4 
has been added 

780. HNO,> : the strong acid yields an intensely red coloration, 
which gradually changes to yellowish-red and yellow when the 
liquid is heated. When SnCIa is added to this hot solution, it 
assumes an intense i lolet coloin:. (Difference from morphine.) 

781. H2SO4 * ^he stiongacid produces a rose-colon red solution, which 
changes to yellow, 

782. H.28O4 and £201207 : if the reaction which has already been 
described for morphine (751) is carried out with brucine, the liquid 
becomes red but quickly changes to yellow. 
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Caffeine, ob Theine, CjjHjoN^Oa.HoO. 

783 . Caffeine is a colourless substance which forms needle-like 
crystals. It melts at 225° C , and sublimes unchanged. It is slightly 
soluble in cold water, and readily soluble in hot water. It is fairly 
soluble in alcohol and in ether. 

784 . Formation of Murexide. —If even a trace of caffeine is mixed 
with strong HNO3 and then evaporated, a yellow residue remains : 
this assumes an intense violet colour when AmHO is poured upon it. 

785 . Chlorine-water. —If chlorine- water is added and the mixture 
is evaporated, a brown residue is obtained . this residue dissolves in 
AmHO and yields a violet-red solution. 


V.— HYDKOOATIBONS. 

Note. — All boiling-points are assumed to be taken under the 
normal atmospheric pressure of 760 millimetres, and all specific 
gravities correspond to a temperature of 15 6 ® C. 


Turpentine, CjoHjg. 

786. Turpentine is a liquid which possesses a charac- 
teristic smell, and boils at 156° ( 646 ); its specific gravity is 
0*876 ( 6 A 4 ). When it has been warmed it is^easily kindled, 
and burns with a very smoky flame. It is not miscible with 
water, but readily dissolves in strong alcohol and in ether. 

787* Strong H3SO4 : when Ibis acid is added in small 
quantity to turpentine and the mixture is warmed, a peculiar 
and very characteristic smell is evolved. 

788. Br-w^er, when it is shaken up with turpentine, is at 
once decolorised. 
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Benzene, or Benzol, CJT^. 

789. Pure Benzene is a very mobile, volatile, strongly 
smelling liquid, which burns readily with a smoky flame. 
It boils at 80 ° C., and its specific gravity is 0 * 8839 . It is 
miscible with alcohol and with ether, but is insoluble in 
water. 

790. HNO^ : if the strong fuming acid, or a mixture of 
strong II.,SO^ and strong HNO„ is warmed with benzene, 
nitro-benzene (C^^H.NO,) is produced : this substance sepa- 
rates as a reddish-yellow oil, smelling of bitter almonds, 
when the acid liquid is largely diluted with water. 

If this nitro-benzene is poured into dilute HOI and pieces 
of zinc are introduced, aniline is formed and may be detected 
by the tests in paragraphs 847-851. 


yi.— HALOID COMPOUNDS. 


ChlorofcAim, OHOlj. 

• 

791* Pure chloroform is a colourless, mobile liquid, with 
an ethereal smell. It boils at 61 * 4 °, and has a specific gravity 
of 1 -f). It is only slightly soluble in water, but is miscible 
with alcohol and with ether, 

792. Formation of Phenyl isocyanide.— When chloro- 
form is mixed with a drop of aniline, and with some solution 
of KHO in alcohol, and the mixture is heated, an intensely 
disagreeable smell of phenyl Isocyanide is given off. 

793 * Fehling’s- solution (864)) when it is warmed with 
chloioform, deposits red cuprous oxide after some time. 


794 * Phenol and KHO. — If a mixture of alcoholic solution 



280 


rvEACTTONS OF lODOFOFM, 
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of phenol with KHO is evaporated to diyness on the water- 
bath, the residue assumes a beautiful purple colour when 
it is moistened with chloroform. (Difference from chloral.) 


Iodoform, OHI^. 

795. Iodoform is a bright yellow substance, which emits 
a characteristic smell, and crystallises in hexagonal plates or 
stars. It melts at about 117° (645), and then vaporises, evolv- 
ing iodine and HI and leaving a residue of carbon. It is 
insoluble in water and in acids, but dissolves in alcohol and 
in ether. When it is boiled with KOH-solution it breaks 
up into a mixture of potassium formate and potassium 
iodide, which may be separately identified. 


VII.-CERTAIN ALCOHOLS AND PHENOLS. 


Methyl Alcohol, CH^O. 

796. Pure methyl alcohol resembles pure ethyl alcohol 
(800) in its general properties; it boils at 00° C., and has 
a specific gravity of 0*7972. It burns with a pale blue flame 
and is miscible with water and with ether in all proportions. 

797. Oxidation to Formic acid.— If a mixture of methyl 

alcohol with dilute H^SO^ and is distilled (83, 646a), 

the distillate will contain formic acid : when this acid distil- 
late is warmed with AgNO^, it will cause a brilliant silver 
mirror to be deposited. 

When ethyl alcohol is oxidised by similar treatment, it 
yields aldehyde ; and this only deposits a silver mirror when 
it is warmed with AgNOj in an alkaline solution, 

798. Formation of Methyl salicylate. — When methyl 
alcohol, is heated with strong H^SO^ and salicylic acid, a 
fragrant smell of methyl salicylate, or oil of winter-green, is 
evolved. 
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799. Iodoform is not produced when pure methyl 
alcohol is warmed with excess of iodine in the presence of 
Na.CO, (801). (Difference from ethyl alcohol.) 


Alcohol, or Ethyl Alcohol, C^HgO. — Use rectified spirit 
diluted with four times its volume of water. 

800. Pure ethyl alcohol is a mobile fragrant liquid : it 
boils at 78 ^ (646), has a specific gravity of 0*7938 at 15 * 5 ® 
(644), and burns with a pale blue smokeless flame. It is 
miscible in all proportions with water and with ether. 

If much water is present with the alcohol, it may be 
necessary to add dry K^CO^in excess to the liquid, and then 
to distil over about one-third of it {83, 646a). The alcohol 
is thus concentrated in the distillate : and it is much more 
readily detected by the following tests in the distillate than 
in the original dilute liquid. 

801. Formation of Iodoform. — If NagCO, -solution is 
added to water which contains a little alcohol, and the mix- 
ture is gently heated for some time, small pieces of iodine 
being occasionally added unti? the solution retains a brown 
colour, golden yelloxio crysUds of iodoform will separate. If 
very little alcohol was present, the liquid may require to 
stand for ten 01 twelve hours before the crystals make their 
appearance. 

When these crystals are examined under the microscope, 
they are seen to be hexagonal tablets or six-pointed stars. 

This reaction is yielded by other substances besides ethyl alcohol, 
and is theiefore not altogether ohaiacteiistic 

802. Formation of Aldehyde and Acetic acid. — Alcohol 
may be converted by oxidation into aldehyde and acetic 
acid by heating it for some time with K^Or^O^ and H^SO^. 
During the process of oxidation, aldehyde will be first smelt, 
and then acetic acid. If the smell is not distinctly recog- 
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nised, the liquid may be distilled and the first portion of the 
distillate divided into two portions : one portion may then 
be tested for aldehyde by paragraph 823, and the other may 
be neutralised with Na^COj, evaporated to dryness, and the 
solid residue tested for acetate (670-672). 

Acetic acid may result from the oxidation of other substances 
besides alcohol. 

803. Benzoic- and Acetic-ether.— When ethyl alcohol is 
heated with strong HgSO^ and a benzoate or an acetate, the 
characteristic smell of benzoic ether or of acetic ether may 
be recognised. 


Glycerol, or Glycerine, 

804. Pure glycerol is a colourless, viscous liquid, with 
intensely sweet taste. It has a specific gravity of 1*27, a 
melting-point of 20® C., and a boiling-point of 290®. It 
burns with a somewhat luminous flame, and is miscible with 
water and with alcohol, but not with ether. 

805. NaHSO, . — When glycerine is heated with NaHSO^ 
it evolves intensely pungent acrolein vapour. If this vapour 
is passed into solution of rosaniline, which has been pre- 
viously decolorised by SO^, it produces a red coloration : 
other aldehydes produce the same result. 

c 

806. Phenol and H^SO^. — If phenol, strong sulphuric acid 
and glycerine are mixed together in equal volumes, and the 
mixture is heated to 120 ° 0 ., and is then diluted and mixed 
with excess of AmOH, it becomes crimson in colour. 


Phenol, or Carbolic Acid, C^HgO. 

807 . Pure Phenol is a colourless crystalline substance ; it 
is, however, commonly tinged with pink. Its smell is very ' 
characteristic. It melts at 41° 0., and boils at 182° 0. Its 
specific gravity is 1*0702. It is slightly soluble in water, 
freely soluble in benzene, in alcohol, in ether, and in caustic 
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alkali solution, but insoluble in solution of alkaline car- 
bonate, 

808 FeaCltj-soluUon gives with phenol a violet coloration, which 
is destroyed by HA. 

809. Bromine- water, or Bleachlng-powder, when it is added to 
phenol solution, which has been mixed with a quarter of its volume 
of dilute AmHO, produces a blue coloration : this colour changes to 
red on the addition of an acid. 

810 Nitrous acid. — When a mixture of strong H2S04with a little 
6 per cent, solution of KNO2 is added to phenol, it produces a 
1 eddish-brown coloration, which changes to green and purple, and 
finally to blue. 

811. Bromine-water, when it is added to phenol solution, gives a 
pale yellow precipitate of tribromphenol bromide. 


Hydroquinone, CeHgOa. 

812. Hydroquinone is a white cry talline substance which shows 
a greenish tint. It melts at 169° C , and is soluble in water, in 
alcohol, and in ether. 

813. Ferric chloride, if it is added to a dilute solution of hydro- 
quinone, gives a green coloration, which rapidly changes to reddish- 
brown. If it is added to a strong solution, or to solid hydroquinone, 
a dark green crystalline precipitators formed. 

814. AgNOj-solution is reduded by hydroquinone, and metallic 
Ag is precipitated.* 

815. KHO-solution becomes brown when it is shaken with hydro- 
quinone solution. 

815a. KW[n04-solution acidified with dilute H2SO4, when boiled 
with hydroquinone evohes the irritating odour of quinone. 


Pyeogallol, or^'Pyro^gallic Acid, CgHgOj. 

816. Pyrogallol IS a white crystalline substance: it melts at 116° C. 
and IS leadily soluble in water, in alcohol and in ether. 

817. EHO and other alkalis readily dissolve this substance ; the 
solution rapidly becomes brown by exposure to the air, owing to the 
absorption of oxygen. 



284 


REACTIONS OF ALDEHYDE, 


[ 818 - 826 , 


8 1 8. F6SO4 colours pyrogallol solution dark blue 

819. FeaClg gives a line red coloration to pyrogallol solution. 

820. AgNO,; is immediately reduced by pyrogallol with the pre- 
cipitation of Ag, 


VIII.— ALDEHYDES AND KETONES. 


Aldehyde, or Acetaldehyde, CjHp. 

821. Pure acetaldehyde is a very mobile liquid, possess- 
ing a most characteristic smell : it boils at 21° C,, and has a 
specific gravity of 0*7876 unless it is partially polymerised. 
It is miscible with water, with alcohol and with ether in all 
proportions. 

822. AgNO^ : if AgNOj-solution is mixed with very dilute 
AmHO until the precipitate, which forms at first, just dis- 
appears, and the solution is then heated with aldehyde, a 
silver mirror is deposited on the glass. (Proceed as in 694.) 

823. Magenta-solution, wliich has been decolorised by 
SO^, produces a violet-red colour when, it is minced with 
aldehyde. 

824. KHO -solution, when it is heated with aldehyde, 
produces aldehyde- resin, a yellow substance with a peculiar 
smell. 

825. H,S, when it is passed ii^o the aqueous solution of 
aldehyde, produces an oily liquid, which is changed by acids 
into a solid polymer. 

826. NaHS03 in saturated solution, gives a crystalline 
precipitate (CjH^O.NaHSOj), which is decomposed by acids 
and by alkalis with liberation of aldehyde. 
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CiiLoilAL. — Use Chloral hydrate, C^HCl^O.H^O. 

827* Pure chloral (C,HCl30) is a colourless liquid, with a 
pungent tear-exciting smell : it boils at 98°, and has a specific 
gravity of 1*4. It unites with water, forming a crystalline 
hydrate, which melts at .57° and boils at 97*5°, and has a 
specific gravity of 0*848. 

828. Phenyl isocyanide test. — When chloral is heated 
with alcoholic solution of KHO and aniline, it yields phenyl 
isocyanide, wliich is recognised by its extremely offensive 
smell. (Refer to 792-) 

829. Silver mirror. — When chloral is warmed with am- 
moniacal AgNOj-solution (822) and a diop of KHO solution, 
a silver mirror is readily deposited on the interior of the glass 
vessel. (Difference from chloroform.) 

Cliloral also reduces Fehling s solution (864), yielding 
red Cu/). 

830. Chloral gives the magenta reaction (823). 

831. KOH.— Chloral is decpmposed by aqueous KHO 
solution ; chloroform separates in minute drops, and potas- 
sium formate remains in solution. 


Benz ALDEHYDE, on Oil op Bitter Almonds, CyH^O. 

832. This liquid is colourless and highly refractive : it has a 
specific gravity of 1 * 05 , and boils at nO"* C. : it is sparingly soluble 
in water, and readily soluble in alcohol and in ether. On exposure 
to the air it is slowly conve'^ted into benzoic acid (682, 683). 

) 

833. KHO • when benzaldeliyde is heated with solid KHO, benzy 
alcohol and potassium benzoate are formed. If the resulting solution 
is acidified with HCl, benzoic acid will be precipitated. 

834. AgNOj, in ammoniacal solution, is reduced by this aldehyde 
to metallic Ag. 
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835. Na.jSOj-solution dissolves benzaldehyde : the careful addition 
of dilute H2SO4 to this solution precipitates crystalline flocks of 
C^HeO.NaHSO,. 


Acetone, CgHgO. 

836. Pure acetone is a mobile liquid, with a peculiar and 
characteristic smell : it boils at 55.1)° C., and has a specific 
gravity of 0*7965. It is miscible with water, with alcohol 
and with ether in all proportions. 

837. Iodine : if iodine dissolved in Ami-solution is added 
to dilute AmOH, it causes a black precipitate (NH^ Nl^); this 
precipitate disappears at first when the liquid is shaken, but 
ultimately tends to become permanent. If acetone is present 
in the dilute ammonia solution, iodoform separates, and this 
is characterised by its crystalline appearance under the 
microscope (801). Acetone(is thus detectable in alcohol. 

838. HgCl, -solution, if it is made strongly alkaline by 
alcoholic solution of KOH, yields a precipitate of HgO * 
when the liquid containing the precipitate is shaken with 
acetone, part of the HgO is dissolved ; if the liquid is Al- 
tered, the presence of Hg may be show n in the filtrate either 
by adding Am^S (279)? or by acidifying the liquid with HCl 
and adding SnCl , (280). 

c 

839. Sodium nitro-prusside, if it is added to acetone solution 

which has been previously mixed with twice its volume of strong 
NaOH-solution, produces a l/rlf/Zit red coloration: this coloration 
becomes bluish when HA is added. t 

840. NaHSO^, in saturated solution, gives a crystalline 
precipitate (CgHgO.NaHSOg), ^Jhich•is decomposed by acid 
or alkali with liberation of acetone. 

840a. Parahromplienyl hydrazine, dissolved in glacial 
acetic acid, then diluted and mixed with acetone, gradually 
yields yellowish needles of bromphenyl hydrazone, 
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IX.-AMTDO.COMPOUNDS. 


Urea, or Carbamide, CON^H^. 

841. Urea resembles the alkaloids by combining directly 
with acids to produce salts. It is a colourless crystalline 
substance, and is very soluble in water. It melts and begins 
to decompose at 132° C., evolving NII3. Its specific gravity 
is 1*323. 

842. Strong HNO3, if it is added to solution of urea 
causes the separation of the crystalline nitrate : under the 
microscope these crystals are seen to be delicate rhomboidal 
scales 

Strong solution of H^C^O^ also causes a precipitate, which 
consists of needle-shaped crystals of oxalate of urea. 

843. KHO, when it is heated with urea solution, slowly 
evolves and yields K^CO^ ; the carbonate is detected 
by effervescing on the addition of an acid. 

844. Hg(NOj)3 yields a white precipitate in urea solu- 
tion. 

845. KBrO-solution causes a brisk evolution of nitrogen 
gas from urea iind. from compounds containing urea. The 
KBrO-solution *must be freshly prepared, by adding Br- 
water to KHO-solution until the liquid retains a yellow 
colour after it has been thoroughly mixed. 

A similar ref\ption takes place when KBrO-solution acts 
upon a urate or upon aft ammonium salt. 

846. Biuret-test^ — If* solid urea is heated for some time 
just above its melting-point,* biuret is formed and NII3 is 
evolved. If the residue is then allowed to cool and is 
extracted with water, and the solution is mixed with several 
drops of CuS04-solution, and then with NaOH-solution 
added drop by drop, a violet coloration is produced. 
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Aniline, or Amidobenzene, 

847 * Pure Aniline is a colourless liquid of peculiar smell ; it 
usually becomes brown by exposure to the air, but this is due 
to the presence of an impurity ; it boils at 184’r>°, and has a 
specific gravity of 1 *0242. It is slightly soluble in water and 
in alcohol, and is readily soluble in ether and in chloroform. 

848 . Salts of Aniline do not give the following reactions. 
But the base may be liberated from the salt by treating 
the aqueous solution with KHO. The aniline will separate 
in oily drops, and these may be dissolved by shaking the 
liquid with ether. The evaporation of the ethereal solution 
leaves the aniline in the free state, in a condition suited for 
the following tests. 

849 . Bleaching-powder, if it is added in small quantity 
to a very dilute solution of aniline, produces a mauve 
coloration. 

850 . H^SO^ and K^Cr^O^-solution, when they are added 
to aniline, produce a reddish coloration which changes to blue. 

851 . Chloroform and alcoholic solution of KHO, wh^n 
they are warmed with aniline, evolve the intensely ofiensive 
smell of phenyl isocyanide. 


X -SUBSTANCES RELATED TO THE FOREGOING. 


Ether, or Ethyl Ether, C^H,yO. 

852 . Pure ether is a very mribile, Volatile, fragrant liquid, 
which burns with a bright fiame. It has a boiling-point of 
84*6® C., and a specific gravity of 0-7201. Ether dissolves 
in about ten times its own volume of water, and is miscible 
with alcohol and with other organic liquids. 
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Acetic Etuer, or Ethyl Acetate, 

853. Pure Acetic ether is a very mobile, fragrant liquid. 
It has a boiling-point of 77 *5® 0., and a specific gravity of 
0-9072. It is somewhat soluble in water, and is readily 
soluble in alcohol. 

854* KOH. — Acetic ether is hydrolysed by KOH dn a 
manner which is typical of similar organic bodies : — 

+ KOH = C,HgO 4- KC,H30,. 

This change may be effected by simply warming the liquid 
for some time with KOH. When the resulting liquid is dis- 
tilled, alcohol may be detected in the distillate (801), and 
acetate may be found in the distillation flask (670, et seq,)* 


Carbon Disut.puide, CS'^. 

855- Pure Carbon disulphide is a mobile, highly refractive 
Ihiuid with pleasant ethereal smell, but it usually emits an 
extremely repulsive odour which is due to the presence of 
impurity. CS^, boils at 4G° C., and has a specific gravity of 
1 292. It is not miscible with water, and readily dissolves 
fatty bodies and oils. CS^ burns with a blue flame, pro- 
ducing SO, (519) and CO, (505). 

856. Formation of Potassium xanthate. — If CSj, is 
heated with solution of KOH in alcohol, potassium xanthate 
(CgH^KCOS,) is formed : the addition of CuSO^-solution to 
this liquid produces a yellow precipitate of copper xanthate* 


Nitrobenzene, C^H.(N02). 

857. Nitrobenzene is a pale yellow liquid smelling of 
bitter almonds : its specific gravity is 1*2, and it boils at 
205° ; it is insoluble in water, but is miscible with other 
organic liquids. See reaction in paragraph 790. 

19 
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XI.— CAKBOHYDRATES. 


Grape Sugar, Dextro-Glucose,' or Dextrose, 

859. Dextrose is a colourless soluble solid, with a sweet 
taste. It crystallises from its solution in alcohol in the 
anhydrous state, and these crystals fuse at 14G° : from its 
solution in water it crystallises in a hydrated form, 
CgHjgOg.HjjO, which melts at 8G°. Dextrose chars readily 
when it is heated ; its specific gravity is 1*538, and its 
specific rotatory power is [ajod- 52*8. 

860. Strong H2SO4 . — Dextrose is distinguished from 
other sugars by yielding only a yellow solution when strong 
H^SO^ is added to its strong solution, if the mixture is kept 
cool: other sugars become blackened by charring under 
these conditions. 

861. KHO . — When dextrose is warmed with strong 
Kll 0-solution the liquid becomes hrovm ; other sugars 
remain uncoloured by this treatment. 

862. Reduction of CuO. — If a few drops of CuSO^-solu- 
tion are mixed with dextrose-solution and excess of KHO 
is then added, no precipitate is formed ; but when the 
liquid is heated yellow cuprous hydrate is formed, and this 
is converted into red Cu^O when the liquid js more strongly 
heated. 

863. Fehling’s-solution (864) may be added with advan- 
tage in applying the preceding test, instead of adding 
CuSO^ and KHO separately. 

864. Fehling’s*solution is prepared*- as follows. Thirty-five 
grammes of crystallised CUSO4 5 KjP are dissolved in one litre of 
water, and the clear solution is kept in a stoppered bottle. 173 
grammes of Pochelle-salt (KNaf), and sixty grammes of NaHO, are 
dissolved in a litre of water ; this solution is kept in a corked 
bottle. Equa^ volumes of these two solutions are mixed together 
in order to prepare the Fehling’s-solutiou 
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86S« Fermentation. — If clean freshly-washed ymsi is 
added to dextrose-solution in the flask shown in fig. 73 
(p. 202), and the temperature of the liquid is maintained at 
about 25 ° for an hour or more, fermentation will take place 
with the production of ethyl alcohol and carbon dioxide 
gas. 

The escaping gas may be shown to be CO.j by letting it 
bubble through lime-water (505, 4 ), and ethyl alcohol may 
be found in the liquid which remains in the flask by the 
reactions in paragraphs 8OI, 802. 

This reaction by fermentation is given by other sugars. 

866. Silver mirror. — If dextrose is gently heated with 
ammoniacal AgNO^-solution (694, JVoie) in a glass vessel, a 
silver mirror will be produced on the interior of the glass. 

867. Other Reduction Tests. — Dextrose differs from 
maltose and lactose by forming red Ou^O when it is boiled 
with OuA^-solution containing HA. When dextrose is 
heated with solutions of KOH and of basic bismuth nitrate 
it yields a black precipitate. 

868. When dextrose is boiled with KOH-solution and 
picric acid a colour is produced, 

Le.vulose, or Fructose, C^H,Pg. 

869. Levuloso is usually a colourless, difficultly crystal- 
lisable syrup. It is sweeter than dextrose, and is also 
more soluble in water and in alcohol. Its specific rotatory 
power is [ajo - 102 ° - 0 ' 56 .<°). It is fermented by yeast, 
but differs from dextrose by forming an insoluble com- 
pound with lime. 

i 

Cane sugah, or Sucrose, 

870. Cane-sugar is a colourless crystalline substance, which 
is easily soluble in water and is intensely sweet in taste. It 
is only sparingly soluble in alcohol. Cane-sugar fuses at 



292 


REACTIONS OF MALTOSE, 


[ 871 - 876 , 


160 °, and is readily charred by heat. Its specific gravity is 
1*593, and its specific rotatory power is [a]o + 66 * 5 . It is 
not readily fermented by yeast. 

871 Strong H^SO^ produces a deep brown coloration, 
which becomes ultimately black owing to the separation of 
carbon. The presence of much water prevents this change 
from occurring at ordinary temperatures. 

872. KHO produces no coloration (861), «^nd no silver 
mirror is produced (866). (Difl[erences from glucoses.) 

873. Conversion into Glucose. — Sucrose solution, when 
it is heated for a minute with a few drops of strong II 01 , 
yields a mixture of equal quantities of dextrose and levu- 
lose : these glucoses may be detected by Fehling’s-solution 
(864), after the acid liquid has been neutralised by KHO. 

874. Citric acid in 5 per cent, solution, when boiled with 
sucrose, hydrolyses it form^xig glucose, (Distinction from 
maltose and lactose.) 

Maltose, or Malt Sugar, 

875* Maltose is a soluble^ sweet sugar, resembling the 
glucoses by readily reducing Fehling’s-solution (864), but 
diflfering from them by not reducing the ace, tic acid solution 
of CuA^. It IS readily fermented by ye^t. Its specific 
rotatory power is [a],, + 138 . It differs from cane-sugar 
by being converted entirely into dextrose when it is heated 
with an acid, and by the reaction in paragraph 874. 


Lactose, or MiLK-syoAR,* 

876. Lactose is much less soluble and less sweet in taste 
..han the sugars which have been already described. It 
reduces Fehling’s solution (864), but does not reduce the 
acetic acid solution of CuA^. It is not fermented by pure 
yeast. Its specific rotatory power is [a]r,+ 52 * 5 . 
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877 - When lactose is boiled with PbA^-solution and 
AmOH is added, a precipitate is formed which is first yellow 
and then red in colour. 

Cellulose (CeHjoO-)^.— Use Cotton-wool. 

878 Cellulose is a colourless, insoluble, tasteless sub- 
stance : it is unaffected by water and by most other solvents, 
even when it is boiled with them. 

879* Iodine reaction. — Cellulose gives no reaction with 
iodine. After it has been treated with one of the following 
mixtures (a, b), however, iodine produces a blue colour with 
the product. 

(a) A mixture of i )0 parts of ZnCl .-solution of 2*0 
specific gravity, with 0 parts of KI and 10 parts of water. 

{b) A mixture of S parts of strong with 2 parts 

of glycerol and 1 part of water. This mixture is rubbed 
with the cellulose in order to effect the necessary change. 

880. Cuprammonium hydrate, made by dissolving freshly- 
precipitated Cu(OH) 3 in strong ammonia solution, dissolves 
cellulose : the cellulose is reprecipitated when an acid is added 
in excess to the solution. 


Starcu. — Use Potato or Rice starch in powder (C^Hj^CJn. 

881. Starch is insoluble in cold water, but it yields a 
transparent liquid when it is boiled with water ; this liquid 
becomes gelatinous as it cools, if much starch is present. 

882. Starch granules may be identified by their appear- 
ance, when they are examined by a quarter-inch object-glass 
under the microscope : when they are viewed as transparent 
objects they usually appea# round or oval, but they are 
occasionally irregular in shape. They usually show dark 
rings which are more or less concentric. Many kinds of 
starch-granules show a cross when they are examined by 
polarised light. These appearances are not visible in starch 
which has been exposed to heat. 
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883. Iddine reaction. — If starch is boiled with water, and 
a drop of iodine-solution is added to the cold liquid, it will 
assume an intensely hluiah-hlach colour. 

This colour disappears when the liquid is heated, but it 
frequently reappears when the liquid is cooled. 

The colour is destroyed by the addition in excess of a 
reducing agent, such as H3SO3, Na^S^Oj, or * it is 
therefore prevented from appearing if any one of these 
substances is present in the starch-solution, until the iodine 
has been added in excess. 

884. Conversion into Glucose. — When it is heated with 
dilute H2SO4 for some time, starch is converted into a 
mixture of dextrin and glucose, and finally into glucose alone. 
The glucose may^be detected by means of Fehling’s-solution, 
after the liquid has been neutralised (863). 


Dextrin 

885* Dextrin is a white powder, which is soluble in 
water, but is insoluble in strong alcohol. It is therefore 
precipitated from its aqueous solution by the addition of 
much alcohol. Its specific rotatory power is [a]n + 200*4. 

886. Fehling’s-solution. — Dextrin is converted into 
glucose by being heated for some time with diluted 
H^SO^ ; when this solution is neutralised and heated with 
Fehling’s-solution, red Cu^O is precipitated (863). 

887* Iodine-solution produces a red colour in the solution 
of most forms of dextrin. 
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XII.—ALBUMINOUS SUBSTANCES. 


Albumen. — Use White of egg. 

Solution of Albumen is readily obtained by stirring or shaking 
the fresh unboiled white of egg with water, and then straining the 
solution through linen or allowing it to settle. 

888. Ignition with Soda-lime.— Albumen evolves NHj 
when it is strongly heated with soda-lime; the NH, may 
be detected by the methods described in paragraph 145. 

889. Albumen is readily Coagulated and precipitated as 
white flocks from its solution in water, either by boiling the 
solution, or by adding it to strong HNO^ or to solution of 
HgCIj. Albumen is less completely precipitated from its 
solution by solutions of CiiSO^, of alum and of certain 
other salts, than by solution of HgCl^, 

890. Millon’s test.— Solution of Mercurous nitrate, pre- 
pared by dissolving 2 parts of mercury in 4 parts of HNO3 
(sp. gr. 1 * 4 ), imparts a bright red colour to albumen. 

Gelatin. 

891. Gelatin is readily^ soluble in hot water, and a hot 
strong solution “ sets ” on cooling. When solid gelatin is 
heated, it chars and produces an unpleasant smell. When 
it is heated with soda-lime it evolves NH3. 

892. Tannic acid solution precipitates gelatin from its 
solution (714). 


Note , — Provision is made in the ordinaryAnalytical Tables 
in Sections V. and VI. for^the detection of some of the 
more common Organic Acid-radicles. A further special 
Scheme for the Detection of Organic substances will be found 
in paragraphs IO93-HO6. Many organic substances, how- 
ever, must be tested for by special reactions (647*892). 



SECTION V. 


ANALYSIS OF A SIMPLE SUBSTANCE 
CONTAINING ONE METAL AND ONE 
ACID-RADICLE. 


This Section may be passed over by a student who is learning 
the full analytical course, and the full course of analysis in Sec- 
tion VI, may be taken up at once. 

Examples of Substances for ihialysis by this Section are given 
in paragraph ii6g 

The Numbers in the Text which are Inclosed in Brackets refer to 
the paragraphs in which tests or processes to be employed by the 
student are fully described. 


Introductory Remarks. 

930. Preliminary Examination.— Before proceeding to 
detect the Metal or Acid-radicle in a Simple Substance by a 
Systematic Analysis of its solution, it is best to make a few 
Preliminary Experiments upon the substance in the solid 
state (936-941). These will generally give some idea as 
to what substance is present, and will occasionally detect 
with certainty the Metal or the^cid-radicle, or possibly both 
of them. 

Systematic Examination for the Metal. — Even if the 
composition of the substance has been proved by this Pre- 
liminary Examination, it is usually best to proceed to the 
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Systematic Analysis in order to confirm the results 
obtained. This must be preceded by the process of dis- 
solving the substance in water or in acid (935) > 
already in the liquid form. To the solution thus obtained, 
the Group-Reagents are then added in a suitable order. 
The Analytical Group to which the metal present belongs 
(931, 942) will thus be determined. 

In the following Table (931) the metals are classified in 
their Analytical Groups. Each Group is headed not only 
by its distinctive number and by its distinctive name, but 
also by the name of the Group-Reagent which serves to 
precipitate its members and to separate them from those 
of the succeeding Groups. 

When the Group to which the Metal present belongs has 
been ascertained, the metal is identified by the properties 
or appearance of the Group -precipitate. Its presence is 
then confirmed, if necessary, by special tests which are 
applied either to the precipitate itself or to another portion 
of the original solution * (947~95l)‘ 

If the Acid-radicle has not been detected during the 
examination for the Metal, it must be specially tested for. 
With this object a few preliminary experiments are first 
performed (938-941). If these do not serve to detect the 
Acid-radicle, it must be looked for by the application of 
special tests (9^2-961). 

Entry of Results. — While the analysis is progressing, 
each result must be fully entered in the note-book as soon as 
the experiment has been performed ; the form of entry is the 
same as that which is adopted for the directions in the text 
and for the Analytical Tables. 

In these Simple Analyses, One Metal and One Acid- 
radicle only are to be looked for. The examination for the 

* By the original solnfion is meant the solution of the substance, 
or the substance itself if a liquid is under analysis, to which no 
leagent has been added. 
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Metal is therefore carried no further, when one metal 
has been detected with certainty ; and the examination for 
the Acid-radicle is similarly at an end when the presence 
of one such radicle has been satisfactorily proved. 

Two Metals may occasionally be present, as when an 
alum \e.g,^ KAl(SOJJ or tartar-emetic [K(SbO)T] is given 
for analysis. 

Two Acid-radicles may also occasionally be present in the 
liquids which are given for analysis, since a salt which is 
insoluble in water may be dissolved in an acid. 

But the student should always bo informed of the pre- 
sence of two Metals or Acid-radicles, if it in any way com- 
plicates the analysis. This will not usually be the case, 
since in the most commonly occurring instance, that of a 
phosphate dissolved in HCl, the PO^ is detected in Group 
III. and accordingly no other Acid radicle is looked for. 

It must also be remembe.'ed that the substances which 
are given for analysis are liable to contain impurities ; these 
impurities will, however, usually yield only slight indications, 
which will not mislead the analyst. If in the course of 
analysis only a slight result is obtained, it is well to proceed 
until some substance is detected in larger quantity ; agair it 
the slight result, Trace of , is then entered. 

The separation and washing of a precipitate by decantation 
(94, 97) is recommended whenever it is possible. 
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931. Analytical Classifk ation of the Metals. 


GROUP I. 1 GROUP II, 

1 

Metals whose chlorides 
are insoluble in water 
and in dilute acids, 
and which are therefore 
precipitated fiom their 
solutions by hydro- 
chloric acid. 

Metals whose sulphides are insoluble in dilute 
acids, and which are theiefore precipitated from 
acid solutions by hydrogen sulphide 

Hydrochloric acid, 
or Silver Group. 

Hydrogen sulphide Group. 

/ Guolp 11 A 
t Copper Group. 
.Sulphides insoluble in 
NallO and 111 Am2S 

( Group II b. 

\ Arsenic Group. 
Sulphides soluble in 
NaHO and m Ani2S 

[Lead . Pb] 

silver Ag 

Mercurosum Hg' 

Mercuricum . Hg " 

[Lead . Pb] 

Bismuth Bi 

Copper . Cu 

Cadmium Cd 

Tin . . Sn 

Arsenic As 

Antimony . . Sb 



GROUP III. 

GROUP IV. 

GROUP V. 

Metals which are precipitated by 
NH4OH as hydrates from they 
solutions containing ammonium 
chloride, or as oulphides or hv. 
diates when ammonium sulphide 
or hydrogen suliMde is subse- 
quently added. 

llietals whose car- 
bonates aie pre- 
cipitated by ad- 
dition of ammo- 
nium carbonate 
in the presence 
of ammonium 
chloride. 

Metals whose solu- 
tions are not pre- 
cipitated by any 
of the foregoing 
Group - reagents 
111 the presence 
of ammonium 
chloride. 


Ammonium hydrate and 
Ammonium sulphide Group, 

Ammonium car- 
bonate, or 
Barium Group. 

» 

Potassium 

Group. 

- 

r 

' Group III. a. 
Ammonium 
hydrate, or 
, Iron Group. 

r Group HI b. 

J Ammonium 

1 sulphide, or 
t Zinc Group. 


Aluminium . A 1 
Iron . . Fe 

Chromium . Or 

Zinc . . Zn 

Manganese . Mn 
Nickel . . Nl 

Cobalt Co 

Barium . . Ba 
Strontium . Sr 
Calcium . Ca 

Ammonium NH4 
Potassium . K 
Sodium . Na 
Magnesium Mg 
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DIRECTIONS FOR THE ANALYSIS OF A 
SIMPLE SUBSTANCE. 

The substance given for analysis may be either a solid or a 
liquid. If it is a solid examine it by paragraphs 932, et seq,^ 
or by paragraph 969 if it is metallic in appearance, omitting 
paragraph 937, If a liquid is to be analysed begin at para- 
graph 937. 


THE SUBSTANCE IS A SOLID. 

The Appearance and General Properties of the substance 
must be carefully observed and noted down. 

932. Note its Colour. The following are some of the 

most commonly occurring coloured substances . — 

(• 

Blue • hydrated cupric salts, and anhydrous cobalt salts. 

Yellow . normal chromates, precipitated HgO, CdS, AP2S3, 8082- 
Browmsh^yellow ferric salts, PbO 
0 range-red. certain dichromates, Sb.,Sj. 

Red: HgO, Hgl2, HgS, Pb304. 

Green. Cr203, CUCI2, salts of Ni and Cr. Pale green: ferrous salt. 
Reddizh'innh : hydrated cobalt salts. Pale pink: manganous salts. 
Dark brown . PbOj, FegOg. Light broivn: PbO, BigOj, CdO. 
Black : Sb2Sj, CuO, Mn02, FeS, C03O4 

White: anhydrous salts of Cu and Fe", and many other powdered 
substances. * 

Colourless . a large number of colourless crystalline bodies exist. 

933. Any characteristic Smell of the substance is noted. 
Observe also whether ^ it is in powder, cJrystals, or non- 
crystalline pieces, examining the substance with the assist- 
ance of a lens if necessary. Note Uso metallic appearance, 
hardness, or attraction by magnet. 

934. Powder the substance as finely as possible (988), 
before subjecting it to systematic analysis. Then ascertain 
its solubility and examine the substance further, as is 
directed in paragraph 935. 
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Determination of the Solubility of the Substance. 

935 . Since the Method of Examination of a solid sub. 
stance depends upon whether it is soluble or insoluble in 
water or in acids, the following experiments are tried before 
the analysis is commenced. 

Place a small quantity of the finely-powdered substance 
in a broad test-tube or in a boiling tube ; then fill the tube 
about one-third with water, and heat the liquid to boiling. 

Kefer to figure 38 ( 85 ) for other methods of dissolving 
a substance. 


1. The Substance 
dissolves. 

After exaniiniiig 
apoition of the 
solid substance 
by the prelimi- 
nary tests (936 
and 038-941) 
pioceecfto exa- 
mine the colour 
and reaction of 
the liquid to 
litmus by I, 
U (937)1 aiHl 
lefer to para- 
graphs 942 and 
958 for direc- 
tiuiis for analy- 
sis. 


The Substance does not dissolve : heat a fresh portion with dilute HCl to 
boiling . if it does not dissolve, decant and boil the lesidue Avith stiong 
HCl - 


2 . The Substance 
dissolves. 

Absence of Gtoup 
I , except pos- 
sibly Pb. 

After examining 
a poi tioii of the 
solid substance 

by the pieliini- 
nary tests (936 
and 938-941) 
note the coloui 
of the HCl 
soliitron (937, 
I ), and proceed 
to examine it 
for the metal 
by paragraph 
943, and foi the 
acld-iadicle by 
pars. 958 etseq. 


The Substance does not dissolve ; put aside the test- 
tube cc lUiiiiiigtlie substance with HCl, and stii a 
fresh poition of the substance with a little dilute 
UNOj , if It IS not dissolved, boil If dilute HNO< 
does not dissolve it, heat with a little strong HNO3 — 


3 . The Substance 
dissolves. 

After cxaniiiung 
a port 1)11 of the 
solid substance 
by the pieliml- 
iidiy tcbts (936 
and 938-941) 
note the colour 
of the solution 
in HNO3 (937, 
I ) and examine 
it for tlie metal 
by paiagraph 
948, and for the 
acid-radicle by 
par 958, 

Note. — Before 
testing for 
OroLp II., add 
strong HCl and 
boil down con- 
siderably, in 
order to remove 
the excess of 
HNOs. 


The Substance does not dissolve : 

mix together the contents of the 
two tubes m winch the substance 
was heated with HCl and with 
IINO3, and heat the mixture 


4 . The Substance 
dissolves 

After examining 
a 1)01 tion of the 
solid substance 
by the pielimi- 
iiaiy tests (936 
and 938 - 941) 
examine the so- 
lution in the 
mixture of 
HNOa and HCl 
for the metal 
by paragiaph 
948. See ATofe, 
column 8. 

Examine for the 
acid-iadicle by 
par. 958. 


5 . The Substance 
does not dis- 
solve. 

Examine a fresh 
poition of the 
substance by 
paiagiapbS97o- 

974 - 
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Preliminary Examination of a Simple Soluble SoLii) 
FOR TUB Metal. 

936. The Following Table’is thus arranged. In the first 
column is placed the experiment to be made ; in the second 
a list of the results, Jtny one or more of which may be 
observed ; and in the third the inferences to be drawn from 
these results. 

Confirmatory or supplementary experiments are occasion- 
ally entered ; they are, however, only to be tried, when the 
result which immediately precedes them in the second 
column has been noticed. 

A more complete Preliminary Examination will be found 
in paragraphs 989 '995* 


Expel iment. 

Observation 

Inference. 

Exp I — Heat a por- 
tion of the auhstance 
man ignition-tube, 
or in a small dry 
test - tube, first 
gently and at last 
to recess. 

1 . The substance does not change. 

Absence of volatile, 
fusible and organic 
substances, and of 
water. 

n The substance changes 



1 Drops of water condense 111 the top of 
the tube 

Presence of H2O. 


2 The substance fuses easily 

Probable presence of 
a salt of NaurK,or 
of Ba, Sr, Ca, Mg. 

Conflrmatmy —Boil 
another portion of 
the substance with 
KHO solution, 
added in excess. 
Confirmatory.— Mix 
another portion of 
the substance with 
..bout three times 
as much dry pow- 
dered Na^COs and 
KCy, and heat the 
mixture in an igni- 

3 The substance sublimes . 

A smell of NH3 is evolved, and white 
fumes appear when a rod moisteiifed 
with strong HCl is held to the mouth 
of the tube. 

A grey sublimate of minutasmetallic glo- 
bules, best seen bji a lens. 

A black mlrror-like sublimate 

Presence of a salt of 
NII4, As, or Hg. 
possddy also of 
H2CJO4, of S (yel- 
low), and of I 
(puiple vapour). 

Presence of NH^ 
Confirm by NaHT 
(147) and piuceedto 
paragraph 938. 

Presence of Hg. Pour 
AmHO upon the 
original substance, 
if It blackens Hg' 
is present as a mer- 
curous compound. 

Presence of As. 

tion tube. 

4 . The substance blackens, and gives off 
CO2, which makes a drop of lime-water 
on a glass rod milky. 

The cool residue in we tube effervesces 
with HCl, whereas the original sub- 
stance does not. 

Presence of an or- 
ganic substance. 

An organic salt of E, 
Na, Ba, Sr, or Ca. 
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Experiment 


Observation. 


Inference. 


6. Gas or vapour is given off : smell the 
vapour, and test with spark and 
flame •“ 

Red nitrous fumes, recognised by their 
smell and colour. 

SOo, known by its smell and by turning 
K2Cr207 solution gieen. 


Cl, Br, I, known by smell and colour : Br 
and I by action on starch paste, and Cl 
by bleaching moist litmus. 

A slip of wood with a spaik at its end 
glows biightly or bursts into flame 
The flame has a greenish halo 

The gas can be lighted and burns at the 
mouth of the tube, note the colour 
of the flame - 

Pale greenuh-yellow • the gas bums ex- 
plosively, and nitious fumes are seen 

Bnght white, the unburnt gas smells of 
gallic. 

Peach-hlossom colomed fiame, giey sub- 
limate of Hg 


The substance changes colour 


Yellow, hot. 
Yellow-brown, „ 
Dark red or \ 
brown, f ” 


White, 
Yellow, 

Red hrotvn. 


cold 


Fiom nitrate of a 
heavy metal. 

From combustion of 
free S or a sulphide , 
possibly also lioni a 
sulphate, sulphite, 
or thiosulphate 
Fiom ceitain chlo- 
iides, bromides, oi 
iodides , also free I 

0 from chlorate oi 
uitiate, or N..0 
N2O from NH4NO3. 


Piesence of NH-j 
from strongly heat- 
ed NH4N0.> 
Piesence of PH3, prob- 
ably from a hypo- 
phosphite (6*4) 

Pi esence of Cy, from 
UgCy2 


ZnO 

PbO, Sn02 or BI2O3. 


Fe203 


Exp n Dip mto the 
powdered substance 
a moistened loop of 
platinum wire, and 
hold the loop in 
the Bunsen-name ; 
moisten with strong 
HCl. and again hold 
the loop in the flame 


I. The flame is not coloured, 


jilt The flame is coloured 

Iiffeme yellow,* 

Pale lilac,* appearing c}im 8 on-red\ 
idigo-prii 


through the mdigo-prism 


Red. 


^Appealing areen through the 
; indigo-pilsin 
j A ppeaiingiMtewse mi through 
( the indigo-prism , 

I” Yellowish-green 
\ Bright ayeen 


1 Rmht green, with blue centre \ 
ween < moistening with HCl j 


Blue 


rPale blue, livid 
( Vivid blue 


Piobable absence of 
the substances enu- 
merated below. 


Piesence of Na. 

K. 


Ca. 

Sr 

Ba. 

Cu. 

BaOj. 

fHgCla, 

) Z11CI2, 

) SuClo, 
(A8,Sb,Pb 
CuCla, CuBra. 


* If the coloration for Na or E is intense, no further examination for the metal is 
necessary, but the presence of E should be confirmed by stirring with NaHT (141). Pro- 
ceed to 938. If the coloration is slight, a trace only of the metal is present, and the 
examination for another metal must be continued. 
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Experiment. 


EXP. m. Heat a por- 
tion of the substance 
in a cavity scooped 
on charcoal, in the 
blowpipe-flame. 


tach a small por- 
tion of the white 
mass, place it on 
turmeric - paper 
and moisten it with 
a diop of water 
Confirmaiwy — If the 
moist residue is 
not alkaline to 
test-paper, moisten 
the remainder on 
the charcoal with 
Co(N 03)2 solution 
and heat it again 
strougly m the 
blowpipe-ilame 


EXP 17, Fuse a 
small quantity* of 
the substance into 
a clear colourless 
borax bead first 
in the inner then 
in the outer fiame, 
noting m both 
oases the colour of 
the bead while it is 
hot and when it is 
cold. 


Cmfirmaiory —Tlie 
preaence of Cr or 
of Mn may be con- 
firmed, by fusing a 
portion of the sub- 
stance on platinum 
foil or wire with 
Na 2 C 03 and KNO 3 


Observation. 

Inference. 

1. The chaicoal “deflagiates,” or burns 
rapidly. 

Piesence of anitiate 
or cliloiate. 

2 A white mass is left on the charcoal, 
which does not fuse, hut shines bright- 
ly when it IS strongly heated 
• The paper becomes brown in a short 
time where the substance rests. 

Presence of Ba, Rr, 
Ca, Mg, Al, or Zii 

Presence of Ba, Sr, 
Cd, or possibly of 
Mg. 

A hhte residue . ... 

A pi ul: residue ..... 

Picsenco of Al, or 
of a phosphate, 

1 ai senate, bilicate, 

01 1)01 ate 

Piesence of Mg 

A flfrecn residue 

Piesence of Zn, or 
possibly Su 

3 The residue is not white and does not 
consist of globules of metal, neithei is 
there any incmstation lonneci upon 
the chaicoal, proceed to Exp IV 


4 Tlie residue contains metallic globules 
or an mciiistaiion forms on the char- 
coal, pioceed to Exp V, omitting 
Exp IV. 


I. The bead is colourless after it has been 
heated in each of the flames 

Alisence of the metals 
mentioned below. 

II. The bead is coloured .— 



In outer flame In inner flame 
Green, hot, him, cold Re^ or colourles't ] 
Blm, hot and cold Blue, hot and cold 

I.ro^, coia f alia cold ) 

Bt own, hot , yellow, \ Bottle gi een, hot)^ 
cold J and cold | 

Green,] hot and cola Green, hot and cohl 

P,irpU. hot and cold '“'J ) 

A yellow mkss on cooling ^ 


A bluieh-green mass on cooling 


* It is necessary to adjust carefully the quantity of substance which is fused into the 
bead , if too much is used, the bead will often appear opaque , if too little is employed, one 
of the metals may escape detection It is best to fuse only a minute quantity into the bead, 
and then to add more If no colour, or only a faint colour, is produced 
t If Cr is present as a chromate, it gives a bead which is orown whilst hot, after it has 
been fused in the outer blowpipe-flame ; but this brown colour is not reproduced when the 
bead has been changed to green by being heated in the inner flame, and is then again heated 
io the outer flame. This distinguishes the brown chromate bead from the brown iron bead 
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Expeilment. 


Exp. V.— Mix the 
substance ui a 
small cavity on 
wood - charcoal 
with Na2CO,^ and 
KOy, and heat 
strongly in the 
inner blowpipe- 
flame for several 
minutes. 

If metallic globules 
are obtained, de- 
tach one and strike 
it shaiply on the 
bottom of an In- 
verted moitai with 
the pestle and note 
whethci it is 
crushed to powdei 
or merely 
flattened out into a 
cake {malleahle) 

If the globules aie 
white and malle- 
able, take one upon 
tJie point of a pen- 
knife and SCO if it| 
will maik papei ns 
a black-lead pencil 
does 


Inference. 


Metallic scales oi globules aie obtained, oi 
an inciustatlon forms on the chaicoal 


Globules 

White and bnttle. 
White and bnttle 
Red and maUeable 
Whi te and malleable) 
marking papei > 
easily. ) 

White and malleableS 
not marking paper > 
andieadily fusible ) 
White and malleable\ 
not maiking papei, 1 
fusible only with ( 
difficulty ) 


None 

iNom 


Incrustation 
White . 
Yellow 
None 

Yellow . 


None 


(Yellow whilst hot,' 
white when cold, 
becomes green 
1 when moistened 
with Co(N 03)2 
solution and le- 
heated in the 
outer flame, 
Brown . 

White; on smelllng'X 
the charcoal a 1 
smell of onions is [ 
peiceived. J 


Picsence of Sb. 
„ B1 


Sn. 

Ag. 


Zti 

Cd 


Exp. VI.— Fuse the 
substance m a 
colorless bead of 
NaAmHP 04 . 


Pai tides float about imdlssolved in the bead 


Piesencoof silica or 
of silicate. 


After the above Preliminary, Examination for the Metal has 
been completed, the Preliminary Examination for the Acid-radicle 
(938, et seq.) is made. The solution of the substance is then 
prepared according to the directions in paragraph 935, and is 
subjected to the full systematic Examination (942, e( seq.). 
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937. PREiJMiNiRY Examination op a Liquid. 


m 

Observation. 

Inference, 

Exp. L—Note the 

Colour of the 
liquid. 

If the colour 
has to be observed 
by night, it should 
be examined by the 
white light ob- 
tained by burning 
a piece of mag- 
nesium ribbon 
Delicate tints are 
best seen by look- 
ing through some 

1 . ThehquidieColouredj— 

/ Veij delicate . 

Pink j 

( Intense 

/Very delicate .... 
Green •< 

(intense 

1 Reddish-ye^iou 

Yellow \ 

( Light yellow 

Blue 

Violet OT purple 

Piesence of Mn or 
dilute Co solution. 

Piesence of Co 
„ Fe", Ni, or Cr 
in dilute solu- 
tion 

„ Nl, Cl, orCuClo 
„ Fe'" or a bi- 
chromate 

„ neutial chro- 
mate. 

„ Cu 

„ Cr, or a perman- 
ganate. 

thickness of the 
liquid at a sheet 
of perfectly white 
paper. 

n. The liquid is Colourless . 

Absence of Co, NI, 
Cr, Cu, &c 

Exp. n. — Dip 

pieces of tur- 
meric-paper and 
of blue litmus- 
paper into the 

It is Neutral 

(Not aftecting the coloui of either paper ) 

Absence of free adds 
and alkalis, and of 
all salts but some of 
those of Am, Na, K, 
Mg, Ba, Sr, Ca, Ag. 

liquid. 

It 18 Acid 

(Turning blue paper 1 ed ) 

If no effervescence occurs when NagCOg is 
added to a pait of the solution and the 
liquid is warmed, free acid and acid salt are 
absent. ^ 

Presence of a free acid, 
of an acid salt, or 
of a salt with acid 
reaction 


It is Alkalme 

(Turning turmeric brown ) 

If the colour of the paper becomes only 
slightly changed, the probable presence of 
an alkaline salt may be inferred. 

Presence of a hydrate 
of K, Na, Am, Ca, 
Sr. or Ba, or of a 
salt with alkaline 
reaction. 
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Experiment 

Observation. 

Inference. 

Exp. III. Evaporate 
(87) some of the 

liquid upon a thiA 

watch-glass, *heated 
very gently by siip- 
poiting it some 
inches above a 
small flame upon 
a piece of wire 
gauze, or by means 
of a sand- or water- 
bath. 

If a lesidue remains 
on the glass bung 
this giadually into 
the flame and heat 

A Residue is left 

When it is strongly heated, the residue 
blackens and emits a smell of burning 

The smell resembles that of charred sugar . 

Note.— It the cold residue, after ignition, 
effervesces with a drop of HCl, wheieas the 
unignited residue did not, the organic acid- 
radicle is united with Ba, Sr, Ca, Mg, Na, 
or K. 

The results in Exp I ,*par 936, may be here 
observed and should be noted. 

Keep this residue for Exp. VI 

Presence of some 
dissolved solid. 

Presence of oiganic 
substance. 

Presence of T] prob- 
ably. 

it more strongly 

No Residue is left 

If the liquid IS also colomless, tasteless, 
and without action ou litmus-papei, it must 
consist only of distilled watei, and no fuither 
examination of it need be made If the 
iKluid IS alkaline, must be looked foi , 

it It IS acid, U.2C()j, llaSOj, HCl, HNO3, H.3SO4, 
and othci volatile acids only need be tested 
for. 

Absence of any dis- 
solved solid. 

Exp. IV. Add excess 
of strong NaHO or 
KHO solution and 
boil (Z4S). 

A smell of NH 3 , moist turmeric is turned 
brown, and a lod moistened with strong 
HCl produces white fumes when it is held 
in the mouth of the test-tube 

Presence of NH4 

No further test 
need be tiled foi a 
metal. Proceed to 
par 938. 

i 

EXP. V. The flame coloration (936, II )is then tned by dipping the platinum wire into the 
liquid, which has been flist concentrated by evaporation, if it is veiy dilute 

Exp. VI. Some of the residue from Exp. III. (above) is then fused into a borax bead 
(936. IV.). 


* A piece of thin glass from the side of a broken flask is a cheap and useful substitute 
for a watch glass. 
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These 

lines 

ran 

across 

both 

pagfes. 


Preliminary Examina- 
938- Pour dilute H^SO^ in excess upon the substance in a test-tube, 
A gas is evolved, as is shown by the occurrence of eflfervescence 


1. Colourless gas 
without Smell. 

a. Pungent gas smelling of 
Burning sulphur. 

3, Oas with a most 
Fetid smell. 

4. Yellow eas smell- 
ing of Onloxine. 

A drop of lime- 
or baryta-water, 
held in the tube 
upon the end of 
a glass rod. be- 
comes milky 

A drop of K2Cr207 solution, 
held 111 the tube upon the end 
of a glass rod, becomes 
green — 

Presence of Sulphite. 

A slip of filter- 
pappi moistened 
with alkaline so- 
lution of PbAj, 
and held in the 
tube, is black- 
ened 

A slip of moist 
litmus-paper held 
til the tube is 
bleached -- 

Presence of Hypo- 
chlorite. 

Presence of Cu> 
bonate. 

2 a The SO2 gas is given off 
only after a time or when the 
liquid is warmed, and yeUow 

8 sepaiates .— 

Presence of Thiosulphate. 

Presence of Sul- 
phide. 


939. Add a little strong H^SO^ to a fresh portion of the substance, 
results enumerated! below occurs*: if none of them is noticed, pro- 


1, Fumes are evolved with Fuugent smell and Acid reaction 
to litmus-paper : the Liquid is not colourwd :~ 

Presence of Chloride or Nitrate. 


Coryimatorv. — Hold in the 
fumes a glass rod moistened 
with a solution of AgN03 
acidified with HWO3 the 
solution op the rod becomes 
milky — 

Presence of Chloride. 

Conflim by par 955. 


Confimatoiy —Drop into 
the acid some small pieces 
of Cu. leddish-browu gas 
is evolved 

Presen e of Nitrate. 

Confirm by par 537. 


2, The liquid becomea Yellow 
or Rea. and a Chlorous 
smell 18 given off. when 
the tube is warmed a 
crackling noise or slight 
explosion is produced 

resenoe of Chlorate. 

Confirmatorif.—To a portion 
of the cold solut’on of the 
substance in water add a 
few drops of dilute indigo 
solution, then pass some 
SOo the blue colour of the 
indigo is destroyed if 
Chlorate is present 


940. Fluoride —After the tube which contains the strong HjSO^and 
the liquid into a porcelain dish foj the test in paragraph 941. Einse 
and dimmed Presence of Fluoride is shown, If the presence of 

941. Borate.— Add alcohol to the liquid in the porcelain dish from 
alcohol ; if the flame has a greenish tinge it shows the Presence of 

* If Pb, Ba, Sr or Ca is present, the addition of H 2 SO 4 will cause a precipitate 
t It is best to compare this smell with that which is evolved when NaA 
aobaewhat fragrant smell of ether when it is heated, and this might be mistaken 
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TION FOR THE AciD-RadICLE. 

and observe the efiect which is produced ; * then heat to boiling : 
or by the evolution of a characteristic smell ; see belov/ . — 


5 Reddish-brown fumes are 
evolved, which are most 
easily seen hy looking down 
the tube at white paper. 

When a little cold dihUe 
H2SO4 and FeS04 solution 
aie added to a freali portion 
of the original substance, a 
deep brown liquid is pro- 
duced — 


6 Smell of Almonds, 

Test for a cyanide and a 
ferro-. fern-, and siilpho- 
cyanide m the onginul 
substance by par 955 


7 Smell of Vinegar 
Refer to par 939 (4) below 


No Gas is evolved 

Absence of carbonate, sul- 
phite, thiosulphate, sul- 
phide, hypochloiite, nitrite. 

Pass on to par 939 


Fresetioe of Nitrite 


mix well by shaking, then heat gently and note whether one of the 
ceed to paragraphs 940 and 941. 


3« A Reddish-brown or Violet colour 

4 A B ,iell of 

3 A mixture of 

6 The sub- 

Is pioduced m the acid, and no 
explosion or crackling occurs 

Vinegar is 

GO and CO2 

stance Blackens 

noticed .— 

gases IS given 
off . found by a 

and evolves 

when it is warmed — 


gases, amongst 


Presence of 

drop of lime- 

which SOq is 

Presence of Bromide or Iodide. 

Acetate. 

water held in 

recognised by 



the tube being 

its smell and 

If coloured vapour is evolved when 

Confirmatory — 
Add to a fresh 

turned milkj. 

by its action 

the nnxtuie is heated (see Note), 

and by the 

oh K2Cr207 

hold ill the vapour the end of a 

portion of the 

CO burning 

solution .— 

glass lod coveied with moist 

substf lice some 

with a blue 


starch powder . the starch becomes 

alcohol, then 
otrong H2SO4; 

flame when it 

Probable Pre- 

brown .— 

is kindled.— 

sence of Tar- 

Presence of Bronvde. 

a fragiant 
, smell pioves 

Presence of 

trate. 

The starch becomes bluish-black — 

the 

Oxalate 

Confirm by 
par. 958. 

Presence of Iodide. 

Presence of 
Acetate.! 



Aofe.— The vapour is much moie 
easily obtained if the substance is 
mixed with MnOj powdei, before 
H2SO4 18 added and the jinixtiue is 





heated 





the substance has been heated, let it stand for some time ; then pour 
out the tube, and dry the inside thoroughly ; if it is seen to be corroded 
fluoride is decisively indicated here, it will require no confirmation, 
par. 940, mix the contents by stirring, heat the dish and kindle the 
Borate. Confirm by par. 957. 

of the insoluble sulphate ; this may be disregarded, 

is similarly treated, since a mixture containing alcohol and H2SO4 evolves a 
for the more fragrant smell of ethyl acetate. 
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GENERAL TABLE FOR DETECTING 


[ 942 - 


Theae 

lines GENERAL TABLE FOR THE 

across 942. H' the metal has not been detected in the Preliminary 
pagffl belongs [see Table, par. 931], and^then trying special 


A part of the solution of the substance (935), \fit is acid (943), is mixed with dilute UCI 


The precipitate may Into the same pait of the solution II^S is passed (945), or 1/28 
te— the liquid is heated to Ixnling - 


AgCl— white. 
Hg2Cl2- „ 
PbCl2- , 


Examine for the 
metal by Table I 

(947) 


The precipitate may be— 
ngS -black 
rbS- „ 

CuS— „ 

CdS— jellow 

SnS— brown 
S11S2— yellow 
81)283— oiaiige 
As jSj— yellow 

Examine for tlie metal by 
Table 11 (948) 

0 


To a Fresh portion ot the Bolu* 
If a piecipitate is pro* 
iide (940), or a boiate 
to diyne&s, ignite the 
and add Am Cl and ex* 
If the 1 einoval of the acid- 
met.1l by this lable, or 
Ii AmllO added after AmCl 
the oiiguial solution are 
pieseiice of pho’^phate, 


The precipit.ato may be— 
Aixno)^— j Colourless and 
( tianspaient 
Ci2(HO)(,— pale gieen 
Feo[HO)(5— 1 cdd 1 sh-bi own 
( dingy gieen, 
Fe(nO)2—-^ tinning blown 
( In the air 

Examine for tlie metal by 
Table III A (949) 

If the precipitate 13 opaque 
or white and has none of the 
aboie appeal ances, lefer to 
par 56* 


^ If no metal can be found, the sub- 

Notes to the General Table. ‘ 

943. If the liquid is Neutral or Alkaline, a portion of it is made 
just acid by slowly dropping in dilute HNO3 (628, 629), 

If this produces no piecipitate, or a precipitate which dissolves 
when more HNO is added, another portion of the liquid is examined 
by the above Table. 

If a precipitate forms and is not dissolved when more HNOj is 
added, it may coinsist either of colourless gelatinous H4S1O4 from a 
silicate ; or of finely-divided S, whicfi is precipitated white from a 
polysulphide, and \ellow from a thiosulphate ; or of SnO.2, or meta- 
stannic acid, or (all white). It may also jpossibly be SnS2, 

AS2S3 (both yellow) 5 or SbgSg (orange-red) , these sulphides are pre- 
cipitated from a sulphostannate, a sulpharsenate, and a sulphanti- 
monite respectively. 

If 1148104 separates, is best to evaporate the acidified solution 
quite to dryness and then beat the residue with dilute HCl. If an 
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EXAMINATION FOR THE METAL. 

Examination, it is most rapidly found by ascertaining to which 
tests for each member of the Group, 


(944), if any piecipitate foims, nioie liC'l is adileil and the liquid is heated — 
watei is added to it (946^ tlie liquid is then diluted, and, if no preciiiitate has formed, 


j tion AniCl is added, then AmllO is added in excess . — 

, duced and eithei an organic substance (936, 1,4, 939, s, 6), a silicate (936, VI.), a fluo- 
• (83*) has been found, achlify another part of the original solution with IIOl, evapoiate 
lesidiio, and dissolve it when cool in dilute IIOl , filter, if neccssaiy, from 8102(599), 
cess of AniHO 

radicle by the above treatment does not lead to the satisfactory detection of the 
if chromate is present (946), it may be*necessaiy to proceed as is diiected in par 962 
has produced a precipitate and the above acid-radicles are not present, a few drops of 
added to some AmHMo04 and wanned if a yellow piecipitute forms, indicating the 
proceed to par 962 _ | 


To the same part of the solution add a few diops of Am2H, or ITjS water — i 

[iVof#* — J 3 efoie AnujS IS added the Injnid maybe bine, showing pwence of Ni, or violet I 
fioni dissolved t'r2HfiOfl , the lattei must be precipitated by boiling the liquid for a ! 
long time in a puicelain dish befoie Am2S is added ] I 


The precipitate 
may be— 

ZiiS— white 
JiiiS- pink 
Nis— black 
CoS- „ 
[Fes- „ ] 

Examine for the 
metal by Table 
III B (950) 


To the same poitioii of the solution add Am2C03 j 

The precipitate 
may be — 

IbiCOj— white 
SrCOs- „ 
CaC03- ,, 

Examine for the 
metal by Table 

IV ( 95 t) 

To the same part of the solution add 
Na2HP04, wai m gently and shake well - 

A white ciystal- 
line piecipitate 
proves — 

Presence of Mg. 

The metal still piesent 
maybe NH4, Na, K; 
It should have been 
detected already in 
the Preliminary Ex- 
amination by Tests 

I. or II. (par 936). 


stance is probably an acid (937i 

insoluble residue reraains, this confirms the piesence of a silicate. 
The residue is filtered off and the filtrate is tested for the metal by 
the above General Table. 

Any other substance vivhich remains undissolved by the dilute 
HNO 3 is filtered off. It may generally be recognised by its appear- 
ance ; SnOo becomes yellow^ and Sb^Os orange, when it is moistened 
with HoS-water metastannic acid becomes golden yellow when it 
is moistened with SnCl,-solution. 

944. Any Change which occurs ^on the Addition of H 01 should be 
carefully noted. Gas may be evolved and recognised by the statement 
given in paragraph 938; a yellow solution may become veddish-yellow, 
and this change renders probable the presence of a neutral chromate. 

945. Before H2S is added, the liquid must be heated ; and if a 
smell of Cl or of SO2 is evolved, or a reddish-brown gas is perceived, 
the solution is boiled down nearly to dryness, then dilute HCl is 
added and HgS is passed into the acid solution. Gelatinous H4Si04 
may separate during the process of evaporation (943). 
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[ 946 , 947 , 


946. The Following Changes, which occur on the gradual addition 

of HgS, are noteworthy. If the precipitate is white at first, then 
hrown, and at last blacii, the presence of Hg" is shown. If the 
solution is strongly acid and gives a red precipitate, which becomes 
hlach when the liquid is diluted with HaS-water, Pb is present. 

A separation of ivhite sulphur may occur . if it is accompanied 
by one of the following changes of colour in the solution, the change 
should be noted down, since it is characteristic • — 

A reddieh-yellow solution changing to pale green indicates a feme salt 
X 1 eddx^h-yeUoio „ „ bright green „ cliioniate 

A green „ „ colovrless „ raangduate 

A purple „ „ colotirlebs „ peimanganate 

A green alkaline solution becoming purple when 

diluted or acidified, and colourless tvith H^S ,, manganate 

The precipitate of S is known by being perfectly white and by 
running through a filter ; it need not be further examined. 

If a yellow precipitate forms only when the liquid is boiled, it 
may consist of either AS 2 S 3 from an arsenate, or of SnS 2 from a stannic 
salt. 


TABLE I.— SILVER GROUP. 

947. J white precipitate forms when HCl is added. It 
may consist of AgCl, PbCl^, or Hg^CJ^. The precipitate is 
either not dissolved when it is boiled with HCl: or it 
dissolves and reappears in crystals when the liquid is cooled, 
showing the presence of Fh, 

Let the precipitate settle and decant the liauid : then boil 
the precipitate in the test-tube with AmHO : — 


1. The precipitate dissolves, \ 
at least in part, see .\oie 
below .— 

Presence of Ag, 

Confirm by adding excess 
of HNO* to the AmHO 
solution, a niilkiuess 
appears. 


ilTote.— Coagulated AgCl 
often dissolves only slowly 
in AmHO. 


2. The precipitate does not dissolve:— 


The colour of the precipi- 
tate IS unchanged'-— 
Presence of Pb . 

Confirm by decanting 
the liquid, diSlolving the 
precipitate in HA, and 
adding KjCrO^ to the 
solution ; a yellow pre- 
cipitate forms. 


The precipitate becomes 
black.-— 

Presence of Ilf 
{Mercurosum). 

Confirm by immersing 
a bright slip of copper 
m a portion of the ori- 
ginal solution, made 
acid with a few drops of 
HNO3; a grey deposit 
forms on the Cu, \imich 
becomes white and bright 
when it is rubbed • - 
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94& I' ote the colour of the precipitate yielded hy H^S 


[ 1 TAe dctri: hroion or Wacfc, it may consist of SnS, CuS, HgS, Bijfts, PbS. | 

I Add pure NallO in excess to a sniall quantity of the liquid and precipitate, or of the I 
I precipitate alone after decanting the liquid if possible, and boil — 


The precipitate dis- 
solves to a portion 
of the NaHO solu- 
tion add HCl in 
excess, brown SnS 
is rcprecipitated 
Boil another pni tion 
of the precipitate 
aftcraddingalittle 
yellow Atn.ri, then 
add HCl in excess, 
a yellow precipi- 
tate of SnSo — 
Presence of Sn" 
(Stannoaum). 


: The presence of Sn" 
should be con- 
firmed by adding 
HgClj to a part of 
I the original HCl 
solution, a white 
precipitate shows 
Presence of Sn", 


The precipitate does not dmoloe: it may consist of CuS, HgS, BijSs, PbS. 
a The original solution is blue or green, and becomes intensely bine on 
addition of excess of AmllO —Presence of Cu Confirm by adding a few 
chops of II2SO4 to the original solution, and dipping into it a bnglit knife 
blade or piece of steel, a red film of Cu deposits 
P The 01 iginal solution .s colourless Test m separate portions for 
llg, Bi, Pb by the following special tests — 


Immerse in the acid 
solution a bright 
stnpofCu, a grey 
film IS slowly de- 
posited, which be- 
comes biilliant 
white when 
itisiubbed 
Presence of Ilg" 
(Mei cm icuni ) 

Caution— A. salt of 
Hg'inay have been 
converted into an 
Hg" salt dunng 
solution m IINO3 
The original sub- 
stance should 
therefore be 
treated with 
AmllO, if it 
blackens Hg' nas 
present, if not, 
Hg" was originally 
in the subsknee. 


Pour another poition of 
the 01 iginal solution Into 
much cold distilled 
water; a white preci- j 
pitate or milkiness — 

Pi esence of Bi . 

Note —If Bi 18 sus- 
pected and no milkiness 
appeals, add excess of 
AmllO to the liquid , Bi 
1 ? present falls as hid- 
late, filter, pom one or 
two drops of boiling HCl 
upon the piecipitato, and 
let them drop through 
into large excess of water; 
a 11 ilklness on stirring 
shows presence ofBi , 


To a portion add 
H^S04 a white 
piecipitate — 
Presence of Pb . 

The presence of Pb 
should be confirm- 
ed hy adding to a 
part of the origi- 
nal solution AmllO 
in excess, then HA 
in excess, then 
KjCrO^ a yellow 
precipitate shows 
pi esence of Pb, 


2 The precipitate is yellow' It may consist of CdS, AsjSs, SnSj. 

Boll the precipitate with NaHO m excess, ^fter decanting the liquid if possible 


The precipitate does 
not dissolve ; it is 
bright yellow and 
pulverulent— 
Presence of Cd . 

The presence of 
Cd may be con- 
firmed by showing 
that the precipitate 
produced by HjS 
dissolves Oii being 
boiled witli dilute 
Haa 04 . 


The precipitate dissolves: it may consist of As^Sa or SnSj; examine 
poitions of the orjginal solution as directed below — 


Acidify a portion with HCl, and place 
in it a piece of Zn which is known to 
be free from Sn . Sn is deposited on 
theZii — 

Presence of (Stannicum). 

The fleposlt of Sn should be detached 
from the Zii, and dissolved by boiling it 
in a test-tube with a little strong HCl, 
then HgCU added ; a wliite piecipitate 
confirms the pm-jnee 


Acidify a portion with strong 
HCl, immerse m it some 
pieces of bright Cu and 
boil, a black film is de* 
posited on the Cu •— 
Presence f(f At, 

Note —If the yellow pre- 
cipitate formed by HjS 
appeared at once in the 
cold, tlie As is present as 


boiled wltli dilute HgCU added ; a white piecipitate appeared at once In the 
H aOi. confirms the pm-jnee 0/5/1''^ cold, the As is present as 

* 4 Arsenomm; if it formed 

only on boiling, Arsenicum 
is present. 


8. The precipitate is orange red : it may consist of SbjSs . 

Confirm by acidifying a portion of the original solution with HCl, and immersing in it a 
piece of Zd resting on a slip of platinum foil, a black stain on the platinum (3*9) 

Presence of Sb, 

Note.—lt occasionally happens, if the solution has not been sufficiently diluted, that U|8 
gives a reddish precipitate with Fb-solutlou ; such a precipitate, however, becomea Uack on 
adding more HjS-wator. 
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TABLE IIT.a.— IRON GROUP. 

949* The colour of the precipitate, produced by addition of 
AmCl and AmHO, will usually indicate whether it contains 
Fe, Al, Cr; the following tests may be made in confirma- 
tion. 

To a portion of the original solution add KHO gradually 
until a precipitate has formed (see Note below Table), then 
add KHO in excess and stir well, one of the following results 
will be obtained : — 


1 A gela- 

tinous precipitate 
IS produced winch 
dissolves in ex- 
cess of KIIO to a 
colourless solu- 
tion the precipi- 
tate reappears on 
the addition of 
much AmCl to 
the KHO solu- 
tion •— 

Presence of Ah 


2 A pale green 
gelatinous pre- 
cipitate foims, 
which dissolves 
in excess of KHO 
to a green solu- 
tion ; wlien PbOo 
IS added to 
this green solu- 
tion and the 
liquid 18 boiled 
and th^ acidified 
with HA, a yellow 
precipitateispio- 
duced 

Presence of Ci 


3. A reddish 
brown precipi- 
tate forms, inso- 
luble in excess 
of KHO Add 
KCyS to the 
oiiginal Hri 
solution, a blood- 
red coloration — 
Presence of Fe"\ 


4. A dingy gram 
precipitate 
forms, insoluble 
in excess of 
KHO, the pre- 
cipitate if filter- 
ed off and ex- 
posed to the air 
gradually be- 
comes brown — 
Presence of Fe". 


Note, — if a colourless gelatinous precipitate has been produced by 
AmCl and AmHO, and is not proUuced by addition of KHO, a silicate 
is probably present. Its presence ih confirmed by fusing the solid 
substance in a bead of NaAmHP 04 ( 690 ) ; or by evaporating the acid 
solution to dryness, a residue insoluble in acid, is SiO, and may be 
tested by the bead as directed above. 


TABLE III.b.^ZINC GROUP. 

950. The colour of the precipitate, produced by addition of 
Am 2 S or of H^S to the alkaline sofution, will distinguish Zn 
or Mn from Ki, Co, and Fe, and will usually distinguish 
Zu and Mn also from one another. See a and h below : — 

a. If the precipitate is light in colour , add to sonie of the original 
solution KHO gradually until a precipitate forms, then add KHO in 
excess. A white precipitate which dissolves in excess of KHO and 
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is reprecipitated by the addition of H 2 S, proves the pretence of Zn. 
A toJute or hrouumh precipitate, which is insoluble in excess of 
KHO and gradually turns dark brown when it is filtered off and 
exposed to the air, shows the ])rp<ie?ire of Mn, 
h. If the precipitotc hJack it will consist of either CoS or NiS or 
possibly of FeS ; the metals Ni and Co may be distinguished from 
one another by the colour of their solutions — Ni being green^ Co 
2 >inh — and by the colours which they impart to the borax-bead 
( 936 , IV.). FeS IS only precipitated here from a ddute solution of 
a ferrous salt : Fe" is best detected by paragraph 949 . 


TABLE IV.— BARIUM GROUP. 


951. Dip a loop of platinum wire either into the original 
solution, or into the HCl-solution of the precipitate which 
was produced by Aiu^CO^, and hold the wire in the Bunsen- 
flame. If the flame-coloiation thus obtained is not decisive, 
the confirmatory tests which are placed at the foot of each 
column should be tried. 


A yellowtsh green Jlamei-^ 
Presence of Jia 

Confirmatory -Add (;aS()4 
to a perfectly cold por- 
tion of the HCl solu- 
tion, aprecipitate forms 
immediately. 

hole — A green flame 
coloration may he pro- 
duced by IlaliOs. 


A crimson flame, appear- 
ing deep red through 
tlio indigo-pnsm — 
Presence of Sr. 

Confirmatory -Add CaSO, 
to a peifectly cold por- 
tion of the HCl solu- 
tion, no preciDitate is 
produced, but a pre- 
cipitate rppears im- 
mediately on boiling 


A red fame, appearing 
dingy green through 
the indigo-pnsm — 
Presence of Ca . 

Confirmatory -Add CaS04 
to part of the HCl solu- 
tion and boil ; no pre- 
cipitate To the lest 
add AinHO in excess, 
and Am2C204 : a white 
precipitate forms. 


EXAMINATION FOR THE ACID-RADICLE. 

952. If the acid-radicle has not been found already by 
the Preliminary Examination (938-941), or during the 
Examination for the Metal (942-946) or elsewhere, it must 
be tested for as is directed below. 

Since the solubility of the substance (935) and the metal 
which it contains are now known, much trouble is usually 
saved by referring to the “ Table of Solubilities” (1038). 

For the following tests separate portions of the original 
substance must be used, and the tests must be tried in 
succession until an acid>radicle is found. 
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TESTING A SIMPLE SUBSTANCE 


[953-955, 


953* Nitrate, if it is present in small quantity only, may 
have escaped detection in the Preliminary ^Examination. It 
is well, therefore, to test for nitrate in the aqueous solution 
of the substance by ferrous sulphate solution and 

(537)- 

954- Sulphate — Acidify the liquid, or if the substance 
is a solid dissolve it, with dilute IICl, and add BaOlg. If 
Pb, Hg', or Ag has been found, acidify with HNOgand add 
Ba(N03)„ since HCl and chloride wovild precipitate any of 
the above metals as chloride. A white precipitate forms, 
which does not disappear when the liquid is boiled . — 
Presence of Sulphate^ 

955* AgN 03 test. — Acidify the liquid, or if the substance 
is a solid dissolve it, with dilute HNO3 ‘ filter off any pre- 
cipitate or residue which may form, and add AgN03-solution. 
A precipitate forms, which does not disappear when the 
liquid is warmed. Note the colour of the precipitate, and 
examine it according to the directions in 1, 2, or 3 below . — 

I 1. The precipitate is white; it may consist of AgCl, AgCy, Ag4FeCye, or I 
AgCyS Makeapoition of the original solution just acid with HCl, then 
add FejCla — 


A deep blue precipitate ; A blood-rod coloration • 

Presence 0/ a /errocyamde. Presence 0/ a sulphocyamde. 


If FejClfl has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and sulpho-cyanide, decant the liquid from the precipitate 
caused by AgNOj, pour upon the precipitate some stiong HNO3 &^id boil 

The precipitate remains The precipitate dissolves : 

undissolved Presence of a cyanide 

Pretence of a chloride. Confirm the presence of a cyanide in a portion of 
the original solution by boiling it Mlth FeS04, 
FejClo, and KHO, and ac^idifying with HCl ; a 
blue precipitate Presence of a cyanide. 


2 The precipitate is yellow, and may conrist of AgBr or Agl. 

Test some of the original solution for an iodide by adding to it starch solution 
and KNO3 solution, then acidifying (if not already acid) with HCl : a deep 
blue coloration : 

Presence of an iodide. 

If an iodide is not thus detected, add to another portion of the original solu- 
tion several drops of Cl-watcr , if the liquid becomes yellow, and on being 
shaken with CSg colours that liquid reddish l>rown, it shows : 

Presence of a bromide. 


8. The precipitate is orange red, and is probably Ag^Fe^ij. 

Make a i>ortion of the orimnal solution just acid with HCl, then add FeS04 
■olution ; u deep blue precipitate shows : 

Presence 0/ a ferricyanide. 
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Note , — If Hg has been found, HgCyg niay be present even if no 
precipitate has been formed on the addition of AgNOs. If HgCy2 
has not been already detected in paragraph 936, and its presence 
is suspected, refer to paragraph 651. 

956. Phosphate, Arsenate. — Acidify the liquid, or if the 
substance is a solid dissolve it, with dilute HNO3. Filter if 
necessary, add a small quantity of this acid solution to 
some AmllMoO^-solution, stir well and warm gently : — 

j 1 

A yellow precipitate shows : — If no precipitate forms, heat to • 

boiling , the formation of a 
Presence of Phosphate, yellow precipitate shows : — 

Pi esence of A r senate j 


The presence of phosphate or arsenate may be confirmed by 
separating the yellow precipitate by filtration or decantation, and 
dissolving it by means of a little AmHO. When AmCl and MgS04 
are added to this solution a crystalline precipitate will form. This 
is filtered off and washed with a little cold water, and several drops 
of AgNOg-solution are poured upon it on the filter. If the preci- 
pitate becomes yellow, phosphate is present ; if it becomes hrown, 
arsenate is present. The presence of arsenate is further confirmed 
by the appearance of a yellow precipitate (AsgSg), when HgS is passed 
into the boiling HOl-solution of the original substance (313). 

957. Borate. — Acidify the ori^ginal liquid, or if the sub- 
stance is a solid stir it, with HOI. Dip into this solution a 
piece of turmeric-paper, and dry it at a gentle heat. If the 
paper is reddish-hrovm when it is dry, and the colour changes 
to dingy brown or blue black when the paper is moistened 
with AmHO, the Presence of Borate is proved. 

958. Tartrate, Oxalate, Fluoride.— The Acid-radicles, one 
of which may be present, are f, 0 j, 0 ^, and P. If the 
metal already found belpngs to Group I., II., III., or 
lY., the examination for one'* of these radicles must be 
commenced at paragraph 960 ; if the metal present is K, 
Ha, or N H^, examine by paragraph 959. 

959. Make the solution just alkaline with AmHO, and 
add CaOl, -solution in some quantity ; then shake the 
liquid well and let it stand if no precipitate forms at once. 
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The Preliminary Examination (939, 940), will have indicated 
already which of these acid-radicles is present : it is there- 
fore possible to decide which of the three columns below 
must be used for the further examination of the pre- 
cipitate 

L A erystdlhne precipitate, ap- 
pearing after some time, sho>v8 
pTob&hUpresence of a tartrate. 

Confirm by 1 or 2 below 

1. Decant the liquid from the 
precipitate, add a httle water 
and a single drop of AmUO, 
drop in a small crystal of 
AgNO| and warm very care- 
fully; a mirror is formed 
below the crystal, presence of 
a tartrate. This test may be 
tried also with the original 
solution by pais 693 O94 

2 . On acidifying some of the 
neutral original solution with 
HA and adding alcohol and 
XA (unless K or NH4 has 
been detected in tlie sub- 
stance), and stirring or shak- 
ing well, the formation of a 
crystalline precipitate shows 
presence of a tartrate 

960. An oxalate or fluoride of Ba, Sr, Ca, or Mg will have 
been already detected. A tartrate of any one of these 
metals is found by gently heating the finely powdered sub- 
stance if it is solid, or the neutral solution if it is liquid, with 
very dilute AmHO and a crystfal of AgNOj : the formation 
of a mirror shows the preaence cy a tartrate. If a metal of 
Group I., II., or III. has been found, the metal must be 
separated before the acid-radicle is tested for. 

Jf the metal belongs to Group I. or II., make the original 
solution just acid with HOI, and either add H,S-solution, or 
pass H,S into the liquid for about five minutes. Filter oflf 
the precipitate and add more H„S to the filtrate ; if no more 
precipitate forms,* boil the )Iqui<f in a porcelain dish until it 
ceases to smell of H,S, and examine the liquid by par. 959. 

* If any further precipitate forms, add more of the reagent, filter, 
and test again by adding more of the reagent ; this addition of re- 
agent, filtration, and testing the filtrate is repeated until no further 

. precipitate forms when the reagent is added again to the filtrate. , 


11, A white pulverulent pre- III. A gelatinous | 
eipitate shows piobable fioccutent preeijn- 

presence of an oxalate. tate shows pio- 
bable presence of 
a Jiuonde. 

The presence of an oxalate, Confirm by filtering 
already indicated by the and wmmlng some 

test in 939, 5 , must be of the precipitate, 

confirmed eithei by warm- or of the sub- 

ing some of the original stance if solid, 

substance with MnO| and in a small cup of 

and testing for lead or platinum 

COj gas (678) : or by the with strong 

more tedious metliod of H2SO4; fumes 

filtering off and diyiiig will be evolved 

some of the above pi eel- wliich etch a pro- 

pitate of CaC204, then perly prepared 

igniting it and testing watch glass (606). 

for a caibonate withllCl 

(h?) 



961 - 963 .] 


FOR THE ACID-RADICLE. 


319 


If the metal belongs to Group III., add AmCl, and 
AmHO till the liquid is alkaline ; then add Am^S, boil and 
filter ; now add more Am^S to the filtrate, and if no more 
precipitate forms (see Footnote, page B18), add HA in 
excess, boil, filter off S if necessary, and examine the liquid 
by paragraph 959. 

961. If no Acid-radicle can be found in any quantity 
and the substance is not metallic in appearance, it is prob- 
ably an oxide, hydroxide, or perhaps a sulphide. 

Most sulphides yield sulphate when they are boiled with 
strong HNO3 • the sulphate may be detected, after the acid 
has been diluted, by paragraph 954. 

An oxide may often be known by its colour (932), or by 
some characteristic test. Thus black MnO^ may be identified 
by evolving Cl when it is heated with HCl, and red PbaO^ 
by leaving brown PbO^ when it is treated with dilute HNO3. 


EXAMINATION OP GROUP III.a. 

962. The Precipitate in Group III.a., which has been 
produced by the addition of AmOl and AmHO to the original 
acid solution of a substance which is insoluble in water, may 
consist of AljHgO^, Fe^H^Og, CrgHgOg ; or of Fe, Al, Or, Zn, 
Mn, Ni, Co, Ba, Sr, Ca, Mg ae phosphate or oxalate ; or of 
Ba, Sr, Ca as chromate or fluoride. 

The Systematic Examir\ation of a precipitate in Group 
III.A. for these srbstances is usually only necessary when a 
phosphate has been detected (942), and occasionally when 
an oxalate (939, 5), a chromate (946), or a fluoride (940) 
is present. 

If a precipitate forms in Group III.A,, and the above acid- 
radicles are absent, examine it by paragraph 949. 

If one of the above acia-radi^^les is present, the metal must 
be tested for as is directed below, unless it has been already 
detected with certainty during the Preliminary Examination^ 
or by the ordinary procedure given in the General Table(942). 

963* Note the Appearance of the Precipitate which has 
been produced by AmCl and AmHO ; then add Am^S to 
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the liquid and precipitate, and stir well. According to the 
appearance which the precipitate now presents, proceed to 
examine further by paragraph 964 or 965. 

964. The Precipitate^ after the Addition of Am^S^ is Black, 
— It may consist of FeS, CoS, or NiS. The means of 
distinguishing these three metals is given below. Note first 
the colour of the original solution (937) I-)- 


a. The colour of the on- 
gxnal solution was 
yellow or reddish- 
brown — 

Presence of Fe"\ 
(JFemcum ) 

This IS confirmed by 
the precipitate pro- 
duced by AmCl and 
AmHO in the ori- 
ginal solution hav- 
ing been pale-yellow 
or reddish - brown, 
and becoming black 
on addition of Am 2 S 

As a confirmatory test 
add to a portion of 
the original solu- 
tion, acidified with 
HCl if necessary, a 
few drops of KCyS 
solution, a blood-red 
coloration is pro- 
duced. 


b. The colour of 
the original 
solution was 
pink, or pos- 
sibly blue be- 
coming xiink 
on dilution 
Presence of 
Co, 


The presence 
of Co may be 
confirmed by 
adding ex- 
cess of KHO 
to the ongi- 
nal solution, 
a blue preci- 
pitate tum- 
ing red on 
boiling shows 
the presence 
of Co. 

Co will also 
have been 
detected by 
its borax 
bead ( 936 , 
IV.) 


e. The colour of the onginal solution 
was green —Presence of Ni or Fe". 

Note the effect which was produced 
by the addition of AmCl and 
AmHO — 


A blue solution 
was produced — 
Presence of Ni 

The presence of 
Ivi may be con- 
firmed by adding 
excess of KIIU 
to a part of tho 
onginal solution, 
a light green 
precipit a t e 
shows the pre- 
sence of Ni , 

Ni will also have 
been detected by 
its borax bead 
(93<5, IV) 


A dingy greenpre- 
cipitate, which, 
when shaken 
round in a por- 
celain dish and 
left for several 
minutes exposed 
to the air, be- 
comes brown — 
Presence of Fe", 
(Ferrosum ) 

Confirm by adding 
KsFeCyg to some 
of the original 
solution, acidi- 
fied with HCl 
if necessary; a 
dark blue preci- 
pitate is pro- 
duced. 


965- The Precipitate^ after the Addition ofAm^S^ is White 
or Light-coloured. — It may consist of Cr3(HO)g, Alj.(HO)g, 
ZnS, MnS ; [or of BaCrO^ ; or of Ba, Sr, Ca, Mg, as phos- 
phate, oxalate, fluoride, silicate, or possibly borate]. The 
substances in brackets can, however, only be present if the 
liquid given for analysis was acid in reaction, or if a solid 
was given which was insoluble in \yater but soluble in acid. 

To a small portion of the oiiginal solution add KHO drop 
by drop until a precipitate is produced. (See Note below 
the Table.) Observe the colour and appearance of this pre- 
cipitate, then add a larger quantity of KHO and stir or 
shake the liquid well. One of the following results {a or 6) 
will be noticed : — 
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a. The precipitate at first produced by KHO re-dissolves when 
the KHO is added in larger quantity ; indicating the pre- 
sence of Al, Zn, or Cr. Kote the appearance of the pre- 
cipitate ; — 


A pale green floccvlent precipi- 
tate — 

Presence of Cr. 

Confinn by boilmpc some of the 
green KHO solution with lead- 
peroxide (PbOo), a yellow liquid 
fa obtained, which, if decanted, 
yields a jellow precipitate on 
addition of HA in excess 

The colour of the solution and of 
the borax bead will also have 
detected Cr . 

Note.^ll the Cr was present in 
the acid-radicle of a chromate, 
AmCl and AmHO will have 
yielded no precipitate , but there 
will have been a green precipi- 
tate on addition of AmjS and 
heating 


A white precipi- 
tate, which 18 
re -precipitated 
from the KUO 
solution, by ad- 
dition of a few 
drops of IIoS- 
water but "is 
not re-precipi- 
tated by addi- 
tion of AniCl : 
Presence of Hn 

Confirmed by no 
precipitate hav- 
ing been pro- 
duced by AmCl 
and AmUO, but 
a white piccipi- 
tate by addi- 
tion of Am.^S, 
or of H2S after 
AnillO 


A white fiocculent pr capitate, not 
repreapitated from the KHO 
solution by {addition of a few 
drops of HaS-wateror by boil- 
ing, but reprecipitated immedi- 
ately if sufficient AmCl solution 
13 added — 

Pi esence of Al (see Note). 

JiTofe— AIPO4 is also precipi- 
tated here, and is soluble in KHO, 
but differs from AixilO)6 in be- 
Ing reprecipitated from the KHO 
so.ution by addition of excess of 
II A; if PO4 has been detected 
the analysis is finished. AIPO4 
IS soluble only in acids, henoe 
the original liquid must have 
been acid or the original solid 
substance insoluble in water. 


Sometimes a flocculent precipitate is produced on adding 
AmCl and AmHO to the original solution, and yet no precipitate is 
produced by KHO ; this renders probable the presence of an alkaline 
silicate. In this case evaporate a portion of the solution to dryness with 
HCl ; warm the residue with HCl : if any insoluble residue is left, the 
presence of a snhcaie is proved ; filter and test the filtrate for K or Na. 


6. The precipitate at first produced by KHO does not redissolve 
on addition of more KHO ; the precipitate will have one 
of the following appearances : — 


i A white or dingy yellow pre- 
' apitate, rapidly darken- 
ing when shaken in the 

air .— 

Presence of Mn. 

Confirmed in the prelimi- 
nary examination by pro- 
ducing a green mass when 
fused with Na^CO. and 
KKOs, and by no precipitate 
having been produced on 
addition of AmCl and 
AmHO, unless the solution 
was exposed for some time 
to the air. 


A pale yelloxo precipitate, 
not darkening in the air 
this precipitate will also 
have been produced by 
AmCl and AmHO and its 
colour will not have been 
altered by addition of 
Am^ •— 

Presence b/ BaCi O4 . 

Ba has been already de- 
tected by the flame colora- 
tion (93®» II ), and a chro- 
mate by the change of 
colour of the orange red 
liquid to green on adiUng 
UsS (946). 


A white precipitate, not 
darkening in the air 

Presence of Ba, Sr, Ca, or 
Mg as phosphate, oxalate, 
&c. 

Pass on to par 966. 

Kote —Tins precipitate 
can only be formed if the 
original solution was aad. 


21 
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966 . The precipitate may consist of Ba^ Sr, Ca, or Mg as 
phosphate, oxalate, borate,* fluoride, or silicate. 

Examine for the metal and acid -radicle as directed below, 
working through the columns from left to right, unless the 
presence of a phosphate (942), oxalate (936, I. 4, or 939, 5 ), 
borate (936, II., or 937, V., or 941), or fluoride (94O), has 
been already proved, in which case proceed at once to 
examine according to 967, or by the suitable column below. 
If this precipitate is proved to contain a phosphate, oxalate, 
borate, fluoride, or silicate, the further examination for an 
acid-radicle becomes unnecessary. 


1. Add AmHO in excess 
to a portion of the origi- 
nal aolutionf, filter, dry 
the precipitate and heat 
a portion of it to a dull 
ltd heat for several 
minutes on platinum 
foil 

Place the foil in a test- 
tube and pour a few 
drops of dilute HCl upon 
it; if the residue dis- 
solves with elferves- 
cence, it shows the 
pre^eme of an oxalate. 

Test this HCl solution 
for Ba, Sr, Ca, Mg, by 
94a, using it as the 
original solution. 

If the ignited precipitate 
does not dissolve with 
effervescence, pass on 
to column 2. 


2. Stir some of the pre- 
cipitate produced by 
AmHOt, column 1, on 
a watch glass, with a 
little watei to which a 
few drops of HCl have 
been added, until the 
precipitate is dissolved 
Dip into the liquid a 
slip of tmmeric paper, 
and dry at steam heat , 
the slip appears reddish- 
browny and becomes 
hlue-btaek when moist- 
ened with AmHO — 
Presence of a borate. 

Examine for the metal 
present by 968 

If a borate L not found, 
proceed to column 3. 


3. Place another portion 
of the pi ecipitate pro- 
duced by AmHOt, co- 
lumn 1, in a leaden 
cup or platinum cru- 
cible, add strong H2SO4 
and warm gently, 
covciing the vessel 
w ith a watch glass, 
which has been coated 
with a film of wax and 
has had characters 
traced with a sharp 
point through the wax 
(606) , the glass is 
etched — 

Presence of a fluoride 

Examine for the metal 
present by 968 < 

If no fluoride is found, 
test for a silicate by 
par^968. 


JL 


.Examination of a phosphate. — Add to a portion of 
the cold original solution AmHO drop by drop, whilst con- 
stantly shaking the liquid, until a slight* precipitate is 
formed which does not disappear on stirring; then add 
HA and KaA solution, and drop ir^FegClg until the liquid 
after being well shaken has a brown or red colour ; boil and 
filter immediately. The precipitate is thrown away. To 


* Borates of Ba, Sr, and Ca, are larely precipitated in Group III., since they are 
soluble in the AmCl formed on adding AmHO to the HCl solution. 

t If a solid is being examined, a portion of Hie originiU solid is employed for 
this test, instead of the pi ecipitate produced by AmHO in the HCl solution. 
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the filtrate AmOl is added, then AmHO in small excess, and 
the liquid is boiled and filtered : the liquid or filtrate, which 
must smell strongly of NH3, is then tested for Ba, Sr, Oa, 
and Mg (942). 

Note . — If any precipitate is formed by AmgCO^, it must be well 
washed several times with boiling water in order to prevent the colora- 
tion of Na from masking that of Ba, Sr, or Ca. This risk is avoided 
by substituting AmA for NaA in precipitating the phosphate radicle. 

Ex;planation of the Method for Examination of a Phosphate, 

In order to detect Ba, Sr, Ca, or Mg present as phosiihate, the PO4 
must be removed from the solution and the metal left as chloride. This 
is effected by neutralising all HCl and leaving the solution acidified 
only by free HA ; by addition of FegClg 111 slight excess and boiling, all 
PO 4 is precipitated as FePO^ which though soluble m HCl is jieifectly 
insoluble in HA. On filtering, FeP04 remains upon the filter, and the 
filtrate contains the metal (Ba, Sr, Ca, or Mg) as chloride together 
with a little Fe, but is perfectly free from phosphate. 


968. Examinatim of a horatey fluoride, or silicate , — ^A 
portion of the original substance is placed in an evaporating 
basin, which is then nearly filled with dilute HCl, and the 
liquid is entirely boiled away ; the dish is once more filled 
with acid, and again evaporated to dryness ; the residue in 
the dish is then warmed with dilute HCl, and filtered if 
any residue is left : — 


Solution : the HCl solution is examined for 
Ba, Sr, Ca, Mg by 942, this solution 
being treated as is there directed for the 
original solution. 


Residue : if any resi- 
due remains in- 
soluble ill HCl, it 
proves : — 

Presence of a silicate. 


Explanation of the procoss . — ^The evaporation to dryness with HCl 
removes HgBOs and HF, which volatilise, whilst SiO, is left insoluble 
in HCl and therefore remains as an insoluble powder on afterwards 
warming with HCl ; this residue of SiO, also remains, however, if 
HF was present, being caused by the corrosion of the dish ; since how- 
ever HF if present has already been found, no notice wiH then be 
taken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 
LUSTEE. 


969. This shows the probable absence of an acid-radicle. 
The only non-metallic elements likely to be present are free 
carbon as graphite, free iodine, or combined sulphur, since 
several sulphides are decidedly metallic in appearance*. The 
presence of the metals Ni, Co, Fe in the free state, and of 
Fe304, may be shown by the substance being attracted by a 
magnet. Pb, or graphite, will be recognised by marking 
paper when rubbed upon it, as a black lead pencil does : the 
mark due to Pb disappears if wetted with dilute HNO3. 

Preliminary Examination. 


Experiment. 

Observation 

Inference. 

I. Heat a portion of 
the substance in 
a small ignition- 
tube 

1. A black lustrous mirror forms 

2. A yellow sublimate forms, melting, 
when heated, to blown drops . 

3. Violet vapour is' given off, condens- 

ing to black scales on the sides of 
the tube 

If the substance sublimes entirely 
as violet vapour .... 

Presence of As 

Presence of S. 

Presence of I. 
Iodine alone is pre- 
sent. 

IT Heat a portion 
in the inner blow- 
pipe flame in a 
cavity scooped 
on a piece of 
wood charcoal. 

1 . Smell of garlic 

2 . If an incrustation forms, refer to 
par 936 , V. , w here in the second and 
third column will .^e found the ap- 
pearance of theincrustation and the 
metal whose presence it indicates. 

3. Smell of burning sulphur 

4. A green flame coloration 

Presence of As. 

Presence of S. 
Presence of Cu, 

< 

III. Place aportion 
of the substance 
in a piece of hard 
glass tube open 
at both ends, and 
heat it strongly 
in the Bunsen 
flame, and after- 
wards m the 
blowpipe flame if 
necessary. 

1 . A gas is evolved from the upper 

end which smells of burning sul- 
phur and turns a piece of Alter- 
paper moistened with E 2 Cr 207 solu- 
tion green 

2. The substance bums completely 
but slowly away, glowing when 
strongly heated. This effect is best 
seen by heating it strong^ on Pt- 

^ foU by directing the^lowpipe flame 
on the under surface of the foil • 

■Presence of 3. 

Presence of C. 


* The most common sulphides which possess metallic lustre are copper 
pyrites and xronpynteSf which resemble brass in appearance ; and gdUna^ 
whiuh resembles lead. 
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After the Preliminary Examination has been completed, 
proceed as is directed in paragraph 935. 

Sulphide, Phosphide, Arsenide. — No acid-radicle need be 
tested for except S, P and As, which are most easily detected 
after they have been converted into acids by oxidation. A 
portion of the finely-powdered substance is accordingly dis- 
solved in strong HNO3, and this solution is diluted with 
water : H^SO^ is then tested for by BaCJ^, and HgPO^ and 
H3ASO4 by AmHMoO^ (956). 

THE SUBSTANCE IS INSOLUBLE BOTH IN 
WATER AND IN ACIDS. 


970. An Insoluble Substance may be any one of the 
following. Those included in brackets are less likely to 
occur than the others, since they dissolve when they are 
heated with sufficient water or acid. As will be seen below, 
the colour frequently serves to indicate what substance is 
present. For a fuller description see paragraph 1074. 

1. White : BaSO,, SrSO„ (CaSO,), PbSO^, (PbCl^), AgCl,* 
SiOg, ignited AI3O3, SnO^, Sb^O^, Sb^O^, CaF^. 
Dark-coloured : ignited ^6303 (dark brown or black), 
ignited Cr303 (dark green or black), FeCr^O^ and 
ignited PbCr04 (d/irk brown), C (black). 

3, Yellow: S, AgBr,* Agl,* (Pbl^). 

4. An insoluble silicate may also be present. 

Examine the substance by paragraph 971, 973, or 974. 

971. The Substance is White (970, 1). — If sufficient sub- 
stance is available, try the following preliminary tests 
(I.~IV.); if not, proceed at^once to paragraph 972. 

1. Pour a drop of Am^S upon a small portion of the sub- 
stance. If it blackens, the presence of Pb or Ag is probable; 
if it becomes yellow or orange-red, the presence of Sn or Sb 
is probable. Pass on to Test IV. in the following Table. 

If no change of colour is produced by Am^S, try Tests II. 
and III. in the following Table. 

* Darkens quicklj in sunlight, and slowly in ordinary daylight. 
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Experiment. 

Observation 

Inference. 

II Moisten a clean loop 
of platinum wire, im- 
merse it in the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner blowpipe 
ilarae; moisten the loop 
with a drop of strong 
HCl, and hold it in the 
Bunsen flame 

A yellowish preen flame. 

A crimson flame, appear- 
ing deep red through the 
indigo-prism. 

A reddish flame, appear- 
ing dusky green through 
the indigo pnsm. 

Presence of Ba 'N 

Test for 

Presence of Sr V SO4 by 
Exp III. 

Presence of Ca y 

III Fuse a portion of the 
substance, mixed with 
Na^COa in fine powder, 
in a cavity scooped upon 
a piece of wood charcoal, 
in the inner blowpipe 
flame produced from a 
spirit lamp fame 

The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver com, and 
moistened with water, 
gives, when crushed with 
the blade of a knife, a 
black stain 

Presence of a sulphate. 

Note —If SO4 IS not 
found, test for F by 940 
or 606, and fiirlher 
examine the substance 
by 97*. 

IV ^rix some of the 
finely powdered sub- 
stance with powdered 
NagCOg and KCy, on a 
small cavity made in a 
piece of wood charcoal, 
and heat the mixture 
m the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
as black lead does. 

White metallic malleable 
globules, which mark 
paper, and if dissolved 
m HNO3 give a white 
precipitate with HoSO^ ; 
a yellow incrustation is 
also formed on the 
charcoal 

White metallic malleable ' 
globules which do not 
mark paper; they dis- 
solve in HCl, the solution 
giving a white precipi- 
tate with HgCI*. 

WTiite nietcllic brittle 
globules, which, if dis- 
solved in boilihg HCl, 
give an orange red pre- 
cipitate with H2S 4 white 
incrustation. 

White scales, no incrus- 
tation : the metal is 
insoluble in HCl, and if 
dissolved in HNOa gives 
no precipitate with 
H2SO4 but a white pre- 
cipitate with HCl ; the 
original substance is 
Instantly blackened by 
a drop of Am2S, and is 
dissolved on b^ing 
warmed witk AmHO . 

Presence 0/P6 as chloride, 
sulphate, or chromate. 

Refer to the Note below 
this Table. 

Presence of SnOt , 

Presence ofSb 20 i or Sb20a 

Presence of AgCl. Pro- 
ceed to 97a 


Note . — Boil some of the substance with much water, add HNO3 and 
AgNOs, a white precipitate hhoyrs presence of PhC^* 

Test for chromate by lusing in a porcelain crucible with Na|C03-f- 
EaCOs ; a yellow mass on cooling ehovrs presence of PbCrO^, 

The presence of PbS04 may be proved by Exp. III., and by pouring 
upon the original snhatance H^T llien excess of AmHO, and boiling ; 
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then filtering if necessary, acidifying a portion of the clear solution 
with HA, and adding K 2 Cr 04 ; a yellow precipitate shows the 
presence of Ph. Another portion may then be acidified with HCl, 
and if Ba0l2 produces in it a white precipitate insoluble on boiling, 
presence of SO^ is proved. 

If none of the above substances have been detected, test 
for AlgOg and SiO^ by heating the substance strongly on 
charcoal in the outer blowpipe-flame, after moistening it 
with Co(N03)2-solution j a blue mass shows Presence of 
unless SiOjj is found by the next test. 

Fuse some of the substance in a clear bead of NaAmHPO^ ; 
particles float undissolved in the bead: — Presence of SiO^^ 
or silicate. Proceed to par. 972. 

972. Mix a portion of the finely-powdered substance with 
four or five times as much fusion mixture (Na^COj + K^COj) 
on a piece of platinum foil, or in a porcelain crucible if Pb 
or Ag is present. Heat the mixture for several minutes in 
the blowpipe-flame (see fig. 80, IO76), keeping the alka- 
line carbonates in a fused and liquid condition. Then boil 
the cool mass with water, and filter the liquid : wash the 
residue well on the filter, and examine the residue and the 
filtrate as is directed below . 

(o) Remove thz Residue from the filter and heat it with 
dilute HNO3. not dissolve, decant the acid, and 

heat the residue with a small quantity of a mixture of dilute 
HNO3 and HCl, If the residue is still undissolved, fuse it 
again with fresh fusion mixture, and treat it as is directed 
above. 

Examine the acid solution for the metal by par. 942 

(h) Examination of tlie Filtrate* — When the metal has 
been detected, it will usually be possible to limit the number 
of acid-radicles which need be tested for, by referring to 
the list in par. 970. Tests are given below for all the acid- 
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radicles which are likely to occur in an insoluble substance. 
A separate portion of the filtrate must be used for each test. 

Svlphate : acidify a portion with HCl and add BaCl^ : a 
white precipitate will form. 

Chloride : acidify a portion with HNO3 and add AgNOg : 
a white precipitate will be produced, which is easily soluble 
in AmHO. 

Bromidey Iodide : if the precipitate produced by AgNOg 
has a yellow tinge and is not easily soluble in AmHO, add 
to a fresh portion of the filtrate a little CSg ; then add 
acidified CaClgO -solution drop by drop, shaking well be- 
tween each addition. A brown coloration of the CS^ shows 
a bromide y a violet coloration an iodide. 

Silicate : make a portion acid with HCl and evaporate to 
perfect dryness ; if an insoluble residue is left when the 
solid matter in the dish is warmed with dilute HCl, this 
proves the presence of silica or a silicate. 

Fluoride : acidify with HA and add CaCl^ : a gelatinous 
white precipitate will form. Confirm by trying the tests 
in paragraphs 940 and 606 on some of the original substance. 

973. The Substance is Dark coloured (970, 2 ). 

Place some of the substance on a piece of platinum foil, 
and heat the foil strongly on its under surface by the blow- 
pipe-flame : — 


tubstance hums away 
slowly but completely 

Presence of C, 


The substance does not hum away ; place upon it 
three or four times as much powdered Na 2 C 08 
and KNOs, and fuse for some time : — 


1. The substance dissolves, forming a yellow mass 
when cold i—J^esence of Cr^Oz^ 

2. The substance remains undissolved as a dark 
brown powder, and the mass on cooling is 
white i—Presence of Fe^Oz^* Confirm by boil- 
ing the mass with water. Altering, and fusing 
the brown residue into a borax bead (aoo). 


* shows both reactions 1 and 2, since it contains bothFe 

ami Cr. 
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974. The Substance is Yellow (970, 3 ). 

Heat a portion of it strongly in a small ignition-tube ; one 
of the following results will occur : — 


Tt will fuse and sublime, the 
sublimate being yellow and 
melting to reddish - brown 
drops when it is heated ; — 

Presence of S, 

Note —If the substance sublimes en- 
tirely it consists only of sulphur. 


It will fuse hut not sublime. 

Examine a portion of the sub 
stance for Ag and Pb and foi 
Br and I by paragraph 972. 
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ANALYSES OF SIMPLE SALTS, SHOWING HOW 
TO ENTEE RESULTS. 

A. Liquid given for analysis. 

Preliminary Examination for the Metal, 


Experiment. 

Observation. 

Inference. 

1. Noted the colour of the 
liquid. 

Blue. 

Presence of Cu. 

2. Dipped into it a piece 
of blue litmus-paper. 

The paper was turned 
red, but on addition of 
]Sa 2 COs no efterves- 
cence occurred 

Presence of a salt with 
acid reaction. 

8. Evaporated a few drops 
slowly upon a watch 
glass. 

Ignited the residue 
strongly. 

Pale blue residue left 

Blackened Without smell 
of buming 

Presence of some dis- 
solved solid. 

Absence of organic acid- 
radicles. 

4. Added KHO solution 
and boiled. 

No smell of NH, 

Absence of NH^. 

6. Dipped a loop of pla- 
tinum wire into the 
solution and held it iu 
the flame. 

fi. Dipped a clear borax 
bead into a portion of 
the residue from 3, and 
fused in the outer and 
inner blovrpipe flame. 

Bright green flame ; on 
moistening the wire 
with strong HCl and 
agam holduig it in the 
flame it gave a blue 
coloration. 

In outer flame the bead N 
was green whilst hot, I 
blue when cold. ^ > 

In inner flame it be- 1 
came colourless. ) 

Presence of Cu. 

• 

Presence of Cu. 

c 


Preliminary Examination for the Aeid-radtde. 


Experiment. 

Observation. • 

Inference. 

L Added dUute H,S 04 
and warmed. 

1 Added strong HsS 04 
and warmed. 

No gas was evolved. 

No gas was evolved 

And no red fumes on add- 
ing Cu clippings. 

Absence of carbonate, 
sulphite, sulphide, ana 
nitrite. 

Absence of chlorate, &c. 

Absence of nitrate. 
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Examination for the Metal, 

To a portion of the liquid added HCl: — 

i 

No predpUate, Added strong H^S- water : — 

Absence of Group 1 . 

A brownish black precipitate. Presence of Sn", 
Hg", Bi, Pb, or Cu. 

Allowed the precipitate to settle, poured off as 
much of the liquid as possible and boiled the 
precipitate with excess of NaHO, it remained 
undissolved. 

Since the original solution was blue, a clean knife 
blade was dipped into a portion of it acidified 
with H,S04, red copper was deposited on the 
steel: — 

Presence of Gu, 

Examination for the Acid-radicle, 

Added HCl and BaCU; a white precipitate was produced 
which did not disappear on boiling: — Presence of mlphate. 
Found Cuy 


B. Liquid given for analysis. 
Preliminary Examination for the Metal, 


Experiment. 

Observation. 

Inference. 

1. Noted the colour of 
the liquid. 

Light yellc.Vk 

> 

Presence of a neutral 
chromate. 

2. Dipped red Mtmus- 
paper into the liquid. 

It was turned faintly 
bliDe 

Probable presence of an 
alkali'Salt. 

8. Evaporated a few 
drops to dryness upon 
a watch glass. 

Ignited the residue 
strongly. 

A yellow residue re- 
mained. 

No blackening. 

Presence of some dis- 
solved solid. 

Absence of organic acid- 
radicle. 

4. Boiled a portloii with 
excess of KHO. 

No smell of NFj 

Absence of NH^. 

6. Dipped a loop of pla- 
tinum wire into the 
solution, and held it in 
the Bunsen flame. 

A pale lavendei flame, 
appearing crimson 

thiougu the indigo- 
prism. 

Presence of K. 

6. Dipped a clear borax- 
bead into the residue 
from 8, and fused in 
• the outer and inner 
blowpipe flames. 

Outer flauie: &roi«i, v 
hot ; green, cold. i 

Inner flame; green, i 
hot and cold. > 
Brown colour not i 
reappearing in the ! 
outer flame. 

Presence of Cr as A 
cliromato. 
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JExaminaiion for the Metal, 

Since the liquid was alkaline in reaction, added to a small 
portion of it a few drops of HlfOj until it became acid, this 
produced no precipitate. 

To another portion added HCl, the liquid turned from yellow 
to orange red, indicating presence of a neutral chromate : — 


Then added HjS-water and wanned 


No 

preeipitato. 

Absence of The liquid be- To another portion of the original solution added AmCI, then 
OroupL came green, AmHO, no precipitate formed, then added AnijS and boiled: 

and white 

S was de- yo precipitate in the cold, Added to another portion of the 
posited: but on boiling a green solution AmCl, AmHO, and 

flocculent precipitate gra- AmjCOi : 

Pretence 0/ a dually formed, evidently 

chromate, consisting of CrjHoa re- Xo precipitate. Added to the 
duced from the chromate. Absence of same portion 


solution AmCl, AmHO, and 
AmjCOi : 


Absence of 
Group IV, 


same portion 
Na9HP04 and 
stirred : 

No precipitate. 
Absence 0/ Mg, 


Since K was found by t\e flame coloration in the Pre- 
liminary Examination, its presence was confirmed by stirring 
a portion of the solution, to which a few drops of HCl had 
been added, with PtCl4 on a watch glass; a yellow crystallme 
precipitate forming on the lines rubbed by the rod: — Pre- 
sence of K, 

Found K, CrO ^ . 

C. A white crystalline substance given for analysis. 

Boiled a small portion with water; it dissolved completely. 

Preliminary Examination for the Metal, 


I Experiment. 


1 . Heated in a small dry test-tube. 


2 . Dipped a loop of moistened pla- 
tinom wire into the powdered 
snbitance, moistened with strong 
BCl and held in the Bunsen flame 
8 . Heated a small portion in a cavity 
on wood charcoal in the inner blow- 
pipe flame. 


I. Fated on charcoal in the inner blow- ) 
pipe flame with Na^COi and KCy. I 


The substance gave off red 
fumes and oxygen gas, 
which inflamed a glow- 
ing splinter of wood. 

It left a yellow ipsidue. 


A pale blue flame. 

Deflagration occurred. 

A white malleable globule 
remained which easily 
marked paper. A 
yellow incrustation. 

Same result as with 8 . 


Fresence of a nitrate of a 
heavy metal. 

Presence of Pb, So, or BU 


Freseneeof Af,8b, Pb. 
Presence of a chlorate or 
nitrate. . 


Presence of Pb. 
Presence of Pb. 








EXAMPLES OF ENTRY. 


333 


Examination for the Metal in Solution, 

Boiled a portion of the powdered substance with water, 
cooled, added HCl to a part of the clear solution, a white 
precipitate was formed, which disappeared on boiling, but 
appeared again in the crystalline form on cooling the liquid 
(Probable Presence of Pb), 

Confirmed the presence of Pb by decanting the liquid and 
boiling the precipitate with AmHO, it remained white and 
did not dissolve; decanted the ammoniacal liquid, dissolved 
the precipitate in a little IIA, and added KgCrO^, a yellow 
precipitate . — Presence of Pb . 

Since a nitrate was found in the Preliminary Examination, 
its presence was confirmed by adding strong HgSO^ to the 
aqueous solution of the substance, and pouring solution of 
FeSO^ carefully upon the cooled liquid in a test-tube; a 
brown layer formed on the surface of the acid : — Presence of 
NO,. 

Also some of the solution, when heated with Cu and strong 
H2SO4, evolved reddish brown iumes •.--Presence of NO,, 
Found: — Pb, NO,. 


D. A white 'powder^ emitting no smelly given for analysis. 
Boiled some of the powdered substance with water, it did 
not dissolve: added a few dro^Iis of strong HCl and boiled, 
the substance dissolved completely (absence of Group L) 
without effervescence. 

Preliminary Examination for the Metal, 


Experiment. 

Obsenration. 

Inference. 

L Heated in a small dry test-tube. 

No change. 

Absence of volatile and 
fusible substances and 
of water of crystallisa- 
tion, Ac, 

Probable absence of 

1 Dipped a moistened loop of pla- 
tinum wire into the powdered sub- 
stance, moistened the powder with 
strong HCl and held it in the 
Bunsen flame. 

No flame coloration. 

Na,Ba,8r, Ca,Ca,^ 

S. Heated a portion of the powder 
strongly on charcoal in the inner 
btow^pe flams. 

The substance did not fuse. 

A white luminous residue, 
which when moistened 
on red litmus-paper 
showed an Ukaline re- 
action. 

Absence of alkaU salt 

Fresenee of Ba. 8r, Oi» 
Mg. 
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Examination of the Solution* 

To a portion of the HCl solution added HgS>water ; no 
precipitate : — Absence of Group II. 

To another portion of the HCl solution added AmCl and 
AmHO in excess; a white flocculent precipitate. Then 
added Am^S, the colour of the precipitate was unchanged. 

To a few drops of the HCl solution added KHO drop by 
drop, until a white flocculent precipitate formed ; then added 
excess of KHO and boiled, the precipitate did not dissolve, 
and it did not become discoloured in the air : — Presence of 
Bay Sr, Ca, Mg as phosphate^ oxalate, dc. 

Added a drop of the original HOI solution to some 
AmHMoO^-solution in a test-tube, and warmed gently ; a 
yellow precipitate • — Presence of PO^. 

To another portion of the cold HCl solution added AmHO 
drop by drop whilst constantly stirring, until a precipitate 
formed which did not redissolve ; then added HA and NaA- 
solution until this precipitate dissolved when the liquid was 
well shaken. Fe^Cl^ was added until the liquid appeared 
red, it was then boiled and immediately filtered. To the 
filtrate AmHO was added in excess and the precipitate 
filtered oflT, then Am^COg was added ; a white precipitate 
formed : — Presence of Ba, Sr, or Ca. 

Filtered, washed, and dissalved the precipitate by pouring 
upon it a few drops of boiling HCl. Dipped a loop of 
platinum wire into the solution, and held it in the Bunsen- 
flame ; a red flame appearing dingy gfeen through the 
indigo prism : — Presence of Ca. 

A few drops of the solution, when they were boiled with 
CaS 04 , gave no precipitate, proving the absence of Ba and 
Sr. The presence of Ca was therefore confirmed by adding 
to the rest of the solution excess of AmHO and then 
AnOjCjO^, when a precipitate 'tras formed. 

Found Ca, PO^. 

E. A white odourless powder given for analysis. 

Boiled a portion of the substance with water, it did not 
dissolve. Added HOI and heated again, it dissolved com- 
pletely (absence of Group I.) and without effervescence. 
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Frdiminary Examination, 


Experiment 


1 . Heated a portion in a 
small dry test-tubo. 


The substance blackened 
slightly ; it evolved COo 
which turned a drop or 
lime-water milky. The 
residue in the test-tube 
effervesced with HCl 
whereas the original 
substance did not. 


Presence of an organic 
salt of K, Na, Ba, Sr, 
Ca, or Mg . 


2. Held a portion of the A red coloration, appear Presence of Ca. 
substSMi-e.on a loop of ing dmky green through 
platinum ynre in the the Indigo-pnsm. 

Bunsen fiame ; then 
momtened with HCl 
and again held in the 
flame. 

8. Heated on charcoal in A white lummous mass Presence of Ba, Sr, Ca, 


inner blowpipe flame. 


remained, which when 
moistened on red lit- 
mus paper turned it 
blue. 


Examination for the Metal, 

Added to a portion of the HCl solution strong HgS* water. 


^0 precipitate: — To another portion of the HCl solution added 
Absence of AmCl then AmHO in excess, a white predpU^e 
Group II. formed ; added Am^S, the colour of the precipi- 

tate remained unaltered. 

To another portion of the solution added KHO 
drop by drop until a precipitate formed, then 
more KHO and boiled ; a white precipitate in- 
soluble in KHO, and not darkening in the air ; 
— Preseiice of oQcalaUf phosphate^ cf?c., of alkaline 
earths 

Since the presence of an oxalate of an alkali- or alka- 
line earth -metal was indicated in the Preliminary 
Examination, a portion of the original substance 
was heated on platinum foil, tlien dissolved in 
HCl (effervescence) and to the solution excess of 
AmHO and of AmjjCOj was added. The liquid 
was wanned and put aside till the precipitate 
subsided, thoihthe liquid was decanted and the 
precipitate dissolved m a few drops of HCL 

A platinum wire dipped into this HOI solution 
gave a red flame coloration, appearing dusky- 
green through the indigo-prism x — Presence of 
Ca. [Confirmed by another portion of this HCl 
solution giving a white precipitate with excess 
of AmHO and AmsC, 04 .] 
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The preseuai of C2O4 was confirmed by heating some of 
the original sulMtance with strong HgSO^ ; gases were evolved 
which rendered milky a drop of lime-water and burnt with 
a blue flame, showing presence of COo and CO : — Presence of 
C,0,. 

Found Ca^ 


F. A yellow metallic-looking substance given for analyeU. 
Preliminary Examination, 


Experiment. 

Observation. 

Inference. 

1. Heated a portion of 
the substance strongly 
in a small tube closed 
at one end. 

A yellow sublimate 
formed which melted 
into brown drops a 
smell of burnings was 
evolved, and a piece of 
paper dipped into 
KjCr^O, solution when 
placed in the mouth of 
the tube became green. 

A brown residue left 

1 

Presence of S. 

Probable presence of 7e • 

2. Heated stronglv on 
charcoal in the inner 
blowpipe flame. 

8. Heated a fragment 
strongly in a glass tube 

Strong smell ofburning S 
The residue fused into 
a dark-coloured glo- 
bule, which when cold 
was strongly attracted 
by the magnet. 

A gas was evolved which 
had a suffocating smell , 
and which turned 

Presence of S . 

Piobable presence of Fw 

open at both ends, 
and held obliquely 
in the flame. 

t 

KjCrjOy paper green. 

SO 2 from combustion of S 

( 


Solution of substance. 

Warmed the powdered substance with a Hiixtuj’e of strong 
HNO3 and HCl, it dissolved completely ; boiled down in an 
evaporating dish, adding strong ^C1 several times ; when 
nearly dry, diluted with watexf 

Examination of the solution for the Metal. 

Since the substance dissolved entirely in the presence of 
HCl, Oroup I. is absent ; to a portion of the solution added 
H^S-water : — 
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The solution be- 
came colourless,! 
and white S was 
precijatated * — 
I^ohahle presence 
of a ferric salL 


To another part of the solution added AmCl, then 
excess of AmHO, a brown flocculent precipitate 
formed : to a fresh part added excess of kHO, 
brown flocculent precipitate insoluble in KHO, 
Presence of Fe*'* . 

Confirmed the presence of Fe by adding to a fresh 
part of the original solution KCyS solution, a 
hlood-red solution : Presence of 


Confirmed the presence of S by adding to a part of the 
original solution BaClg, a white precipitate formed which did 
not disappear on boiling : — Presence of derived from 
oxidation of sulphur. 

Found Fe, S. 


G. A white ponder given for analysis. 

Boiled a small portion with water, it did not dissolvet 
Boiled another portion with HCl, it did nob dissolve: 
added HNO3 and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water and 
in acids, and since it is white, it can only be BaS04, SrS04, 
(CaS04), PbS04, (PbCl2), AgCl, SiOg, AlgOg, SnOg, Sb204, 
or CaF2‘ 

Poured Am^S upon some of the substance : its colour was 
ui.clianged, probable absence of jPb, Ag, Bn, Bh, 

Preliminary Examinatioit, 


Experiment 

Observation. 

Inference. 

1. Took some of the 
powder up with a loop 
of moist platinum 
wire, ignited ^ It 

strongly in the inner 
blowpipe flame, mois- 
tened it with HCl, 



and held in the Bun- 
sen flame. 

2. Fused a portion with 
NOfCOs on charcoal 
in the inner blowpipe 
flame, placed the 
cooled mass on a 
bright shilling, and 
moistened it with a 

A yellowish green color- 
ation. « 

Fresence of 

A black stain on the 

Presence 8b 

drop of water. 

coin. 


22 
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Examination of the solution. 

Fused some of the powder with fusion mixture on platinum 
foil ; boiled the cold mass with water, filtered. 

Filtrate : made acid with HCl and added BaClg, a white 
precipitate, which did not disappear on boiling the liquid : — 
Presence of SO ^ . 

The residue on the filter was well washed with boiling 
water, and boiling dilute HCl poured upon it, it dissolved 
completely : — 


Absence of 

Group I. 

To a portion added strong H2S- water and heated ; 

No pred- 
pitate. 
Absence of 
Group II. 

To another portion added AmCl, then AmHO in excess, 
then AniiS, and boiled : 

No preci- 
pitate. 
Absence of 
Group III. 

To another portion of the original solution 
added AinCl, AmHO, and AjiiaCO* : 

A white precipitate. Presence of Ba, Sr, 
or Ca . 

A platinum wire loop dipped into the 
onginal solution gave a yellowish-green 
tint to the Bunsen flame : 1 

(.. Presence of Ba. j 


Fomd Ba, SO^ , 










SECTION VI. 


FULL ANALYTICAL COURSE AND 
TABLES. 


Introductory Remarks — After the reactions in the Fourth Section 
have been tried, and the student has learnt how to detect the mem- 
bers of each Group when they occur singly or together, substances 
which may contain any members of the Groups should be analysed. 
The substance which is given for analysis by the following Tables will 
be either a liquid or a solid. Some hints, which will suggest the 
method of analysing a gaseous mixture, will be found in paragraph 73. 


Preliminary Examination of a Complex Substance. 

975 - Before the student proceeds to apply the whole of 
the Systematic Course to the analysis of substances of com- 
plex composition, he will do well to examine a few substances 
for Metals and for Acid-radicles by the Preliminary tests 
only, which are given in paragraphs 985-IOOO. For a 
detailed account of any of the tests in these Tables the 
student must refer back to the description which is given of 
it in Section IV, 

A little study of the Tables (989-IOOO) will show that they 
contain certain principal tests marked thus — “ Exp. I.” 
These stand in the first coluiAn. In the second column are 
placed the results which may be noticed on trying these 
experiments ; a glance through these will forewarn the 
student of what has to be looked for. 

The main classification of the observations which may be 
made is indicated by black-type letters ; the subsidiary divi^ 
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sions are marked by small numbers and italics ; and the in- 
dividual results are simply placed in succession in a vertical 
column. 

Occasionally an observation is made which it is advisable 
to confirm by an additional experiment. This Confirmatory 
test is entered in the first column just below the original 
observation, and is marked ConJirmatorij in order to dis- 
tinguish it from the main experiment ; its results are placed 
beside it in the second column. 

The student should understand that any of the results, 
which are entered in the second column, may be obtained. 

A few salts and mixtures, such as those mentioned in para- 
graph 1170, should be subjected to a careful Preliminary 
Examination by the student. The results should be entered, 
as soon as they have been obtained, in the tabular form 
shown in paragraph II07. 


Full Examination of Substances in Solution. 

976 After the student has become familiar with the 
Preliminary Examination of solid substances, he should fully 
analyse some easy substances which contain only a few 
metals and acid-radicles. A beginning is made at paragraph 
987>«'nd after the Preliminary Examination has been finished, 
the substance is dissolved, and a Systematib Examination of 
its solution is made. The following paragraplis (977“"982) 
give a general explanation of the method of examining the 
solution for metals, and of some points which require attention 
during the procedure which is stated in the General Table. 

• 

977. It is necessary first *to separate the Metals into 
Groups, by adding the Group-Reagents in such order that 
each precipitates the metals of one Group only, and leaves the 
metals of all other Groups, which may be present, in solution. 

This is efifected by adding the Group-Reagents in the 
order which is directed in the General Table (l007)* The 
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Group Table in paragraph 931 furnishes a convenient ex- 
planation of the scheme of the General Table. 

The first Reagent added is HCl, which precipitates only 
the metals of Group I., and leaves the metals of Groups II., 
III., IV. and V. in solution. Hence if a precipitate is 
obtained when HCl is added in excess, it is filtered off; any 
member or members of Group I. will then be present upon 
the filter, while the members of all other Groups will remain 
in the filtrate. 

When lIjS is passed into the Filtrate * metals of Group II. 
alone will be precipitated and may be filtered off. 

AmCl and excess of AmOII are added to the Filtrate* 
after the has been removed from it, and Fe has been 
converted into ferric salt by boiling it with HNO3. The 
AmHO will precipitate any members of Group III. a., while 
Group III.B. and Mg will remain dissolved by the AmCl, 
and Groups lY. and V. will alio remain in solution. 

The addition of Am,^S to the Filtrate* will then separate 
Group III.B. as sulphides. 

Group IV is then precipitated from the Filtrate * by the 
last Group-Keagent, AnijjCO^. 

The Filtrate * is examined for Group F., the members of 
which are not precipitated *by any Group- Reagent, and will 
therefore now remain in solution, if they were present in the 
original liquid. 

978. Addition of Reagents in Excess.— Each Metal 
Group must be completely precipitated before the next Group- 
Reagent is addeil. If any precipitate has been formed by 
a Group-Reagent, it is accordingly necessary to add that 
reagent in excess befoih prqpeeding to add the next one. 
Unless the presence of each reagent in excess is made certain 
before proceeding, much confusion may be caused. 

The general method for ascertaining that a Group-Reagent 

* Or into the solution, supposing no precipitate to have been 
obtained, and filtration therefore to have been unnecessary. 
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is present in excess consists in adding a few drops more of 
it to the clear liquid ; the liquid must be rendered clear for 
this purpose either by filtration or by letting the precipitate 
settle. If any further precipitate is now formed, the whole 
of the liquid should be well stirred with more of the reagent, 
and the clear filtrate must then be again tested in the same 
way. This process must be repeated until no further pre- 
cipitate is caused. 

In certain cases this method of proceeding is rendered 
unnecessary, since the presence of an excess of the reagent 
is detectable by its smell, after the solution and the reagent 
have been well mixed, and the air above the liquid has been 
blown out. This is the case with and with Am HO. 
The presence of an excess of a coloured reagent may usually 
be seen by the colour of the filtrate, as in the case of yellow 
Am^S. If, however, an acid or an alkaline substance is 
directed to be added in excess, the student should always 
prove the presence of an ex6ess by the use of test-papers. 

979. Washing Group Precipitates. — Before a Group 
Precipitate is examined, it is necessary that it should be 
washed until it is free from adhering solution (96). This 
must also be done in the separations by filtration which a^re 
described in the Group Tables. If the washing has not been 

satisfactorily carried out, many complications may arise. 

• 

980. Evaporation before Precipitating Group III. — 
Certain organic substances hinder or prevent the precipita- 
tion of the metals of Group III.a. by AmHO. These sub- 
stances are usually detected in the Preliminary Examination. 
If they have been detected, it is necessary to destroy them 
by evaporation and ignition before proceeding to precipitate 
Group III. 

Evaporation to dryness and gentle ignition of the residue 
are also necessary in order to separate SiO^, since, if this 
remained in solution, it might be mistaken for A IjHgOg. The 
process also decomposes fluorides and removes HP. 

But if organic substances, borates, fluorides, and silicates 
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are known to be absent, evaporation is unnecessary, and it is 
sufficient to boil the filtrate from Group II. until it has no 
smell of H^S ; a few drops of strong HNOg are then added, 
and the boiling is continued for several minutes, in order to 
completely remove H^S and to convert ferrous salts into 
ferric salts. 

981. The Separation of the Sub groups III. a. and III.b. 

from one another, by the method which is given in the 
General Table (1007)) is never complete. For an account of 
more exact methods, the student is referred to paragraphs 
1058, et seq. 

The method of examining the precipitate in Group III. 
may also be influenced by the presence of a phosphate in the 
solution : the change of procedure, and the causes which give 
rise to it, are explained in paragraph 1060. 

982. General Remarks. — It will be seen that the full 
course of analysis is so arranged that it serves not only to 
detect what is present in a substance, but also to prove that 
all else is absent. This is usually the object in view when 
the analysis of an unknown substance is undertaken. 

The process of analysis may in some cases be shortened 
by using separate portions of the solution for each Group and 
test. The plan which is recommended in the General Table, 
of working throughout with the whole of the solution, is 
however preferable ; since it enables the analyst to form an 
opinion as to the relative quantities of the different sub- 
stances which are present, and this is usually important. 

It will be unnecessary to do more than mention the 
extreme importance of the spectroscope for rapidly discover- 
ing certain substances, especially when they are present in 
minute quantity only (lI3)« 

An Example of Entry of Results is giver in paragraph 
1107 ; it will be seen that the form adopted is that of the 
Analytical Tables, 
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Substances for Analysis are mentioned in paragraphs 

1170, II71, and 1172. 

The student will do well at first to gain experience in 
the analysis of easy mixtures, which are completely soluble 
in HCl and contain no cyanogen, organic salts, silicates, or 
phosphates precipitable in the Third Group. The analysis of 
such substances will be simple, since it will be unnecessary to 
evaporate the filtrate from the Second Group to dryness, or 
to follow any special method of precipitating and examining 
Group III. 

When the ordinary course of analysis has been mastered, 
the analysis of substances, in which the above complications 
exist, should be attempted . and finally minerals, water 
residues, and artificial products and by-products should be 
analysed, in which minute traces of their constituents 
should be carefully looked for. 



GENERAL ANALYTICAL TABLES. 


GENERAL COURSE OF ANALYSIS FOR 
SOLID AND LIQUID SUBSTANCES. 


983. Cyanogen Test.— Unless cyanogen is known to be 
absent, it must be tested for in a small portion of the sub- 
stance by the tests described in paragraphs 648 and 650. ] f 
cyanogen is detected, refer to paragraphs IO83 

a description of the preparation of the solution and of the 
method of analysis. If cyanogen is not present the sub- 
stance is examined by paragraphs 985 and 986 if it is a 
liquid, and by paragraphs 987 seq,^ if it is a solid. 

984. Silicate Test. — Silicate may be tested for by fusing 
some of the finely-powdered i^ubstance in a bead of micro- 
cosmic salt (600). If a liquid is being examined, a portion 
of it is evaporated to di^'ness, and the residue is fused into 
the bead. 

I. THE SUBSTANCE FOR ANALYSIS IS A LIQUID. 

985. Reaction to Test-paper. — Test the liquid with blue 
litmus-paper, and with turmeric-paper : one of the following 
results will be obtained (l02^ . — 

1. It is Neutral, not changing the colour of either paper, this 
shows the absence of acids and alkalis and of salts with acid or 
alkaline reaction. The salts of Ag and Mg and certain salts of 
Am, Na, K, Ba, Sr, and Ca are the only neutial soluble salts. 
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2 . It is Acid, turning blue litmus red . this proves the presence of 
an acid, or of a salt with acid reaction. 

3 . It is Alkaline, turning turmeric brown ; indicating the presence 
of Am, Na, K, Ba, Sr, or Ca as hydroxide, or of a salt with alkaline 
reaction. 

986. Test for Dissolved Solid.— Evaporate a few drops 
of the liquid upon platinum foil, thin glass, or porcelain, 
smelling it occasionally : — 

1 . A Residue is left.— Examine the liquid by the further prelimi- 

nary tests in paragraph 937 . or e^ aporate a portion of the solution 
to dryness m a porcelain dish, avoiding heating the substance after 
it is dry, and examine the residue by the Preliminary Tables for 
Metals and Acid-radicles (987-1000). Examine the larger part of 
the solution for Metals by the General Table {1007), attention 

to paragraph 1008 : reserve the rest of the solution for the Examina- 
tion for Acid-radicles by paragraphs 1042 5 C(/. 

2. No Residue is left. — The liquid must consist of some volatile 
substance, probably of water. ^This is either pure, or it contains 
certain gases or volatile substances, such,,as (NH4)2C03, OO2, NHj, 
HCl, Br. These may be detected by their smell, by the action of 
the liquid on litmus paper, or by special tests (73). If the liquid 
has no action on litmus and no smell, and it it leaves no residue on 
evaporation and is tasteless, it is pure water. 


II. THE SUBSTANCE FOR ANALYSIS IS A SOLID. 

987. Examine the General Properties of the Substance. 

If the substance is lustrous and metallic, refer to para- 
graph 1067 ^or the method of analysis ; if it is non-metallic 
in appearance, proceed to examine it as follows. 

• 

Note down anything that can be learned about the physical 
properties of the substance by the use of the senses aided 
by a Jens or microscope, and by a magnetised penknife- 
bladeg 

Note especially whether the substance consists of more or 
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less sparkling particles with similar geometrical shape, when 
it is said to be crystalline ; or whether the particles are 
irregular in shape, and amorphous. 

Also test its hardness, by ascertaining whether the sub- 
stance is readily powdered. 

If the particles are sufficiently large, and especially if they are 
crystalline minerals (1172), ascertain the degree of hardness more 
carefully, since this will be of use in identifying the substance. Very 
soft minerals can be scratched and marked by the thumb-nail (Talc, 
Steatite). A harder substance which is not affected by the thumb- 
nail may be scratched by a bronze coin (Cryolite, Cinnabar). Harder 
minerals still will only be scratched by a penknife (Apatite, Fluor- 
spar). Very hard substances, such as quartz, cannot be scratched by 
a knife, but the knife produces a steel stain upon their surface. 

Try whether the substance is magnetic by immersing the 
tip of a magnetised blade into the fine powder, and seeing 
whether its particles are attracted. Fe and certain of its 
compounds are the most powei ^ully magnetic bodies known, 
but Mn, Ni, Co and certain of their compounds are also 
magnetic. 

Note also whether the substance possesses any charac- 
teristic smell or colour. The following are some of the 
more commonly occurring cohured compounds : — 

Blue : hydrated cupric salts, and anhydrous cobalt salts. 

Green : certain Fe"-salts sire pale green ; CuCJ2, salts of Ni, man- 
ganates, and certain compounds of Cr, are intense green. 

Yellow: HgO, AsgSj, CdS, SnSg, chromates, Fe'"-salts. 

Bed : HgO, Hgig, HgfS, Pb304 ; dichromates are orange-red. 

Pink . salts of Mn are delicate pink ; hydrated salts of Co are 
reddish-pink. 

Brown : PbOa) PbO and CdO are light brown. 

Black : CuO, MnOg, Sb^Sj, FeS. 

White : anhydrous salts 6f Cu ^ nd Fe", and many other substances 

Colourless : a large number of colourless substances are known ; 
these, as well as many of the faintly coloured bodies, yield 
white powders when they are crushed. 

988. Eeduction to fine powder. — After the above ex- 
amination has been completed, the solid substance is reduced 
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to the finest powder possible, by rubbing it in the mortar. 
An ordinary Wedgwood mortar may be used for powdering 
substances which are pretty soft ; bub hard rocks and 
minerals frequently require to be first crushed in a clean 
bright steel mortar (fig. 79) by blows of a hammer, and to 
be afterwards pulverised in an agate mortar. 

It must be understood that the subsequent chemical 
examination is very greatly facilitated if the substance has 


¥j(i 79 . 



Steel Moktar. 


been carefully reduced to an impalpable powder, which 
does not feel gritty when it is rubbed beneath the pestle or 
between the fingers. 

A portion of this powder is submitted to the tests which 
are described in the following Preliminary Examinations for 
Metals and for Acid-radicles : and the reinainder is reserved 
for the fuller method of examination in solution (lOOI 
et seq.). 
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1 

Experiment. 

Observation. 

Inference. 

oSQo Sxp. I— Heat a small 
quantity of tho substanoe 
in a small test-tube or 
i|^tion-tube« 

A. The substance does not change. 

Absence of organic 
substances which 
blacken and give off 
a smell of burning; 
of volatile sub- 
stances which sub- 
lime , of substances 
which are altered 
by ignition; and of 
water combined 

with or absorbed 
by the substance, 
which would be 
evolved as steam 
and form drops on 
the side of the tube. 


B. The substanoe changes, 

1 It changes colour 

Yellow, hot white, cold 

Yellow, brown „ yellow „ 
Yellow-hroim „ yellow „ 
Dark red or ) red- ) 

black J ” brown) ” 

The substance blackens— 
a Emitting a smell of burn- 
ing. The black carbon 
may be burnt off by 
strongly heating on pla- 
tinum fed with the blow- 
pipe flame. 

ZnO. 

PbO. 

SnOj or B 12 O 1 . 

FejOs. 

Presence of organic 
matter. 


Smell of acetone. 

Smell of burning sugar 
b Emitting no smell of burn- 
ing The colour is not 
removed by ignition as 
under a. 

An acetate. 

A tartrate. 

Probable presence of 
Co- or Cu-salts. 


2 It fuses, ind becomes solid 
aga^n on cooling. 

.Salts of alkalis or cer- 
tain salts of the 
alkaline earths 

Conyirmafory.~The subli- 
mate is carefully exa- 
mined, if necessary, with 
the aid of a lens. 

3. It sublimes. 

White, crystalline (sparkling) sub- 
limate. 

White, non-crystalline sublimate 
Black sublimate, becomes red 
when rubbed. 

Yellow sublimate. 

Compounds of Am, As, 
Hg; or frees or I . 

HgClj, AsgOj, 

Probably Ani-salt. 

HgS 

fAs^Sj 

■( Hglj, becomes scar- 
( let when rubbed. 


Sublimate of 'reddish drops, ) 
which are yellow when cold, f 
Violet yapou% cooling to blackish 
crystals. 

S free or from certain 
polysulphides, 
piesence of I . 

Co»t/imafory.— Heat 
another portion of tlie 
substance, mixed with 
about three times as 
much Na^GOs in fine dry 
powder and a little KCy, 
U an ignitton^tabOtsSs). 

Grey mirror, which, when rubbed 
with a splinter of wood or a 
glass rod, or when examined by 
a lens, is seen to consist of glo- 
bules of fig. 

Blackish-brown shining mirror, 
and smell of garlic ; no globules. 

Presence of Hg. 

Presence of As . 
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Experiment. 

Observation. 

Inference. 

1 

Confirmatory —Pour 
a little strong KHO solu- 
tion upon some of the 
substance and heat to 
boiling; or mix some of 
the substance >rith soda- 
lime in a mortar, and 
moisten and heat. 

NH3 is given off, known by its 
smell and by turning moist red 
litmus-paper blue or turmeric- 
paper brown; the change in 
colour is only a trustworthy in- 
dication if it occurs very soon, 
as the NH3 in laboratory air 
may cause it to occur after a 
time. 

Presence of NH4. 

Confirmatory —Exa- 
mine the drops of water 
on the sides of the tube 
with blue and red litmus- 
papers. 

4 . The substance gives off water. 

It fuses first, then gives off water, 
and again becomes solid if the 
heat IS continued. 

It swells up considerably whilst 
giving off its water 

The water is alkaline. 

The water is acid. 

Presence of water, ab- 
sorbed or combined. 

Water of crystallisa- 
tion. 

Borax and certain 
borates, alums, and 
phosphates 

Probably NHi-com- 
pouncls. 

Piesence of volatile 
acids, e p., IINO3, 
HCl, H2SO4 . 


6 Gas or vapour IS given off*, 
a It u without smell 


Confirmatory. — In- 
troduce a burning splin- 
ter of wood into the 
tube. 

It burns moie brightly, and if in- 
troduced with a spark at the end 
IB inflamed. 

The flame is extinguished 

0 from chlorates, 
nitrates, peroxides, 
&c., orpo88iblyN20. 
CO2 or N . 

Confirmatory — In- 
troduce a glass rod, 
moistened with lime- 
water, into the tube. 

The lime-water turns milky. 

ITie lime-water does not turn 
milky, but the flame is ex- 
tinguished. 

CO2 from carbonates, 
oxalates, &c 

N from AmN02 pro- 
bably. 


b. The gas or vapour has a smell. 

i 

Confirmatory — In- 
troduce a glass rod or 
slip of paper moistened 
withKfCrsOy. 

Smell of bumLig S 

The KnCr^Oj tunw green; moist 
blue litmus is also reddened by 
the gas « 

S’ 

Reddish-brown nitrous fumes are 
given off, known by their pecu- 
liar smell, and by not colouring 
starch paste orange red. 

SO2 from combustion 
of frees, or from acid 
sulphites, thiosul- 
phates, reduction of 
sulphates or oxida- 
tion of sulphides 
Nitrates of heavy 
metals (eg. of Pb, 
Bi, Hg. Ac.) 


Smell resembllug Cl •— 


Confirmatory. — In- 
troduce a glass rod car- 
rying a piece of moist 
litmus. 

Yellowish gas, which bleaches 
moist litmus. 

1 

Cl from certain chlor- 
ides. 

Confirmatory. — In- 
troduce a glass rod with 
moist starch powder on 
iUend. 

Brown vapour, •/hlch colours the 
moist starch powder orange red. 
Violet vapour, which colours 
starch solution blue, 

KH| Is smelt. 

Br from certain bro- 
mides. 

I, free or from certain 
iodides. 

NH4 or cyanogen com- 
pounds. 


* Thif irlll ufually "be shown by efferrescence of the substance ; if the gas or Taponr 1 j 
^ detected by its colour or smell, it can only be found on testing for it specially by the om- 
inaatory teeU below. r , , 
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Experiment. 


Observation. 


Inference. 


c Thegas can he ignited, and hurm 
at the mouth of the tube with a — 
Palo yellomsh green flame, more or 
less explosive. 

Bright white flame, producing 
wnite fumes; the unburnt gas 
smells of garlic. 


NHs probably from 
strongly heated 
NH4NO3 . 

PH3 probably from a 
hypophosphite. 


Peach-blossom coloured flame. 


Cy from a cyanide, 

g robably from 

gCyj. 


990. Exp. II.— Dip a mois* 
tened loop of platmum 
wire, wmoh gives no 
colour to the Bimsen 
flame, into the substance, 
and hold the loop with 
the adhenng powder near 
the top of the Bunsen 
flame, or in the inner 
blowpipe flame. 

Then moisten with a drop 
of stiong HCl and heat 
again . Continue the heat- 
ing until no further 
change occurs in the 
colour of the flame. 


The flame coloration 
should also be carefully 
examined by means of 
the spectroscope(xi4,xi5) 

Note If silicic acid is 
present, the colorations 
for K and Na usually show 
only after ignition of the 
powdered substance with 
powdered CaS04. 


99I*S3cp. m.— Heat the 
finely powdered sub- 
stance in a small oavity 
soooued in a piece of 
woou-oharooal, m tae 
blowpipe flame. 


A The substance colours the 
flame 


1 Intense yellow 

Examine the flame through 
the mdigo-prism , a crimson 
colour 18 seen. 

2 Pale Mae, crimson through ) 

the indigo-pnsm. ) 


3 Yellowish green. 


4 Crimson, same through the) 
indigo-pnsm. | 

6. Orange red, dlngj' green) 
through the indigo-pnsm. ) 

6. Bright green 

A blue colour is seen after 
moistening with strong HCl. 

? f 


B The tfkme is not coloured. 


A The substanoe decrepitates or 
crackles. 

B The substanoe deflagrates, or 
causes the oharooal to bum rapidly. 

0. Tho substance fuses easily, and 
is absorbed bw the oharoo^, or 
forms a lii^uid oead. 

D. An infuaible rotidao is left on 
the oharooal t*- 


1 . The reiidue is white and very 
luminous. 


Confirmatory.— Oc- 
tach a portion of tne cool 
residue from the char- 
coal, place it upon a 
piece of red litmus- 
paper, and moisten with 
a drop of water. 


The paper turns blue, showing the 
residue to he alkaline, ' 


Na. 

Presence of K or Sr, or 
both. 


K. 


Ba probably. 


Sr. 


Ca. 


Cuor B^Of. 
Cu. 


CuCIq, CuBfo 
A s, Sb, Pb. HgClj, 
ZnCl2, SnCl2. 


Above metals absent. 


KaCl and certain other 
crystalline salts. 

Chlorates, nitrates, 

<&o. 

Salts of alkalis and 
certain salts of the 
alkaline earths. 


Probably BaOt SrO, 
CaO, MgO, Al,Ofc 
ZnO(orSiO,) 


BaO, SrO, CaO, and 
possibly ligO. 
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Confirmatory — ^fois- 
ten the re»idud on the 
charcoal when cool with 
several drops of Co(N03)2 
solution, and Iieat again 
strongly m the outer 
blowpipe flame. 

Confirmatory —Heat 
a small quantity of the 
substance in a clear co- 
lourless borax bead, first 
in the outer, then in the 
Inner blowpipe flame. 


Confirmatory —The 
presence of Mn and Cr, 
may be confirmed by 
fusing the substance 
with Na^COa and KNO3 
on platinum foil. 


Confirmatory —Heat 
also some of the sub- 
stance, mixed or covered 
with TOwdered KCy and 
Na^COs or K2C2O4, on 
charcoal in the inner 
blowpipe flame. 


A him residue, the colour of which 
does not disappear with intense 
heat 

A pink residue, 

A green residue. 

2 . The residue is coloureds 
Colour of bead • 

In outer flame. In inner flame 
Green, hot, and ) Colourless, or ^ 
him, cold j red, cold. ) 
Blue, hot and ) Blue, hot and \ 
cold f cold. j 

Or^ or opaque. 

Brown-red, hot • ) Oh re gt etn, hot 
yellow, cold f and co d ) 

Green, hot and Qreen,\\ot and) 
cold. cold. I 

Reddish purple, Colourless, hot ) 
hot and cold and cold / 

Light-yelloio mass on cooling 


Blue-green mass on cooling. 


3 The residue is coloured, or me- 
tallic scales or globules are seen 
The substance is reduced to the 
metallic state (See 994 ) 

a. Without incrustation 

Brilliant white metal. 

Yellow metal 
j Red scales or globules 
I Grey powder attracted by a 
magnetised knife-blade (994) 


AI2O3, and some phos* 
pliates, arsenates, sill, 
cates, and borates# 
MgO. 

ZnO (or possibly Sn). 


^ See C&nfimV 
Mn. ) test below. 


Mu (See 993) 


An, Ag, Cu, Pb. Sn, SI), 
Bi ; [Co, Ni, Be. Mn, 
form grey powders]. 
Au, Ag, Cu, Co, 

Fe, Mn, Sn. 

Ag, Sn : Ni li hard. 
An. 

Cu. 

Fe, Co, Ni, Mn. 


Confirmatory -De- 
tach several of the glo- 
bules with the point of 
a knife, and strike them 
on the bottom of an in- 
verted mortar with the 
pestle ; if they flatten to 
a cake they are malle- 
able, if cii,ished to a 
powder they are hrtttle 
Try also tf a globule, 
fixed on the point of a 
kuife, maiks paper. 

JVote.— The appearance 
and malleability of one 
reduced metul is fre- 
quently much altered by 
the oresence of another \ 


6 With inciustation. t 

Globules. Incrustation 

White, malleable. None, or very Sn. 
not marking slight, 

paper 

White, brittle. Orange, hot. ) -r, 

Yellow, cold, f 

White, malleahle, Feffow, hot and Pb. 
marking paper cold. 

White, brittle. White, *(i\oso to Sb. 
giving white • substance, 
fumes. 

None Yellow, hot, ) 

White, cold, i 

Nom Jted‘brown,esi 8 ily Cd. 

volatilised. 

None. BAife, and white Aa. 

fumes : smell 
of garlic. 
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Experiment 

Observation. 

Inference. 

992. Exp. IV,— Fuse some 
of the substance, mixed 
with KagCOs, on charcoal 
in the inner blowpipe 
flame produced from a 
spint-lamp; remove the 
fused mass when cold, 
place it on a bnpht silver 
com, moisten with a drop 
of water, and let stand for 
several mmutes. 

On rinsing off the substance, the 
coin is found to be stained black 
(5oiX Also, if a drop of HCl be 
maced upon the mass, a smell of 
HjS Is perceived and lead-paper 
is blackened. 

Piesence of S, free or 

combined. 

Note. — Since this 
reaction serves to 
detect S and sulpliur- 
acid-radicles, it more 
pioperly belongs to 
the Preliminaiy Ex- 
amination for acid- 
radicles it is, however, 
best tried here. 


Notes to the preceding Preliminary Table. 

993. The green colour pioduced by Mn conceals the light yellow 
due to Cr ; on boiling the residue with water it gives a pink or purple 
solution, the colour of which is best seen on filtering : this colour is due 
to the formation of ;^n04, and shows Mn to be present. On acidifying 
this solution with HA and boiling aga^n for several miinitec, the purple 
colour is deistroyed ; and on filtering, the yellow colour due to Cr is 
seen : the presence of Cr may be further confirmed by the formation 
of a yellow precipitate in the acid solution on addition of PbAj. 

994. The metal is best separated and examined by detaching the 
mass when cold from the charcoal, and powdering it by crushing in a 
mcTtar or on a watch glass with a little water, letting stand for a short 
time, and then quickly pouring o^ the water down a glass rod or 
pestle which is wetted and pressed against its edge j by several times 
repeating this operation, the heavier metallic particles alone are left in 
the moitar or watch glass (III). 

995. Note . — When the substance to be examined contains several 
bodies, they frequently more or less mask one another's reactions: thus 
Co if mixed with Fe will give a bead green whilst hot and blue when 
cold, thus resembling Cu, hut differing in remaining blue in the inner 
flame; hence the composition of many complex mixtures is only roughly 
indicated by the Preliminaiy Examination, and must be confirmed and 
established m the wet way. Ma'hy substances, more particularly 
minerals, however, can be completely analysed by a careful Preliminary 
Examination. 
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PRELIMUSTARY EXAMINATION FOR ACID- 
RADIOLES. 


996. The substance is required for this examination in 
the state of powder or of strong solution. 

If the substance given for analysis is a solution, part of it 
may be evaporated to dryness * the dry residue is then finely 
powdered and subjected to the following tests. If several 
acid-radicles and metals are present, the reactions may be 
more or less perfectly concealed or altered, hence failure in 
obtaining a certain reaction does not in all cases necessarily 
prove the absence of the corresponding acid-radicle. 


Experiment. 


Obseivation. 


997 * Exp. I.--Treat One or more of the folloimig 
some of toe sub- gases may be evolved — 
stance with dilute . ^ 

HCl and note the ^ coloinless gas wjthont 
result, then heat smell, wK*.ch turns milky 
moderately. ® drop of lime-watei 011 

the end of a glass-rod 

A gas of suffocating smell, 
which turns a drop of 
K2Cr207 solution gieen. 


Yeliow S is precipitated at 
the same 1^'me 

A gas with feUd odour, 
wnkh blackens a drop of 
PbA2 solution, or a piece 
of lead-paper. (Eefer to 

89a) 

Beddish fumes. 

A yellowish-green gas, of 
suffocating smell, which 
bleaches moist litmus- 
paper, is evolved 

а. In the cold ; and also 
evolved on adding JJ A. 

б. Only whdii heated. 


A colourless gas, smelling 
of bitter almonds. 

Dip into the HCl solu- On drying this paper at a 
ifon a strip of tur- gentle neat, It becomes 


CO2 from a caibonate. 

SO2 from a sulphite, or 
fiom a sulphate in the 
presence of A82O3 or 
other reducing sub- 
stance 

SO2 and S from a th,^o- 
sulphate. 

H2S from a sulphide ; or 
possibly from a sulphite 
or thiosulphate, if Zn 
or other reducing agent 
' be present. 

From a nitrite. 


Cl from hypochlorite 

Cl from action of HCl on 
oxidising substances, 
e.a , MnOo, chromates, 
nitrates, cnlorates, <&c. 

HCy from a cyanide. 

Presence of a borate (588). 


meric-papcr. 


reddish-brown. 
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Experiment. 


998. Exp II. - Heat 
another portion gently 
with strong H2SO4 

No attention need be 
mid to gases evolved in 
Exp. I (997) 

Confimnatonj — Mix 
some of the substance 
with Mn02 free from 
chloride, add stiong 
U2SO4 and warm. 


1 Coixfirmatonf —Drop 
I into the hot liquid a few 
small pieces of copper 
If no brown fumes aie 
seen proceed to next test 

Confirmatory — Boil 
some of the solid sub- 
stance with water, or 
take some of the liquid , 
cool, add about twice as 
much strong H2SO4. 
cool, and pour cold 
solution ofEeS04 care- 
fully in upon the top of 
the acid liquid. 


Observation. 


1. A gas is evolved with 
pungent smell, which 
fumes in the air, and 
renders milky a drop of 
AgNOs solution made 
acid w ith IlNOj 

A yellow gas is given 
off with strong smell, 
which bleaches moist 
litmus-paper (1000) 
Brown vapour is given 
off, which colours a little 
moist starch powdei 
orange-red. 

Violet vapour is given 
off, which colours a drop 
of starch paste blue 

2 A heavy fuming suito- 
cating gas is evolved, 
and the liquid behaves 
as if the glass weie 
gieas> on iinsing out 
the tube, and diymg 
it thoroughly, the in- 
side is seen to be cor- 
loded and dimmed 

3 The acid fumes are 
1 eddish, usually seen 
only on heating after 
adding a few fragments 
of Cu. 

A dark brown ring or 
layer forms upon the 
surface of the acid, 
either at once or on cool- 
ing the liquid by im- 
mersing t.ie test-tube 
in coldjWater. 

[Refer to Note, 1050 ] 


4 The acid is coloured 
reddish-yellow, and a 
yellow gas is evolved 
which smells like Cl 
and bleaches litmus . 
on heating the acid 
explosion or crackling 
occurs. Confirm by 
545- 

5 i'he substance changes 
from yellow to green, O 
being evolved, as is 
shown by a glowing 
taper. 


Inference. 


HCl, lIBr, III, ITF* from 
chloiide, biomide, 
iodide, or fluoride 


Piobably Cl from 
chloride 


Br fiom bromide 


I from iodide I 

HF from fluoride : con- 
film by 606 

The HF acting upon the 
silica of the glass evolves 
S1F4, which IS detected 
by holding a moistened 
glass rod in the gas , S1O2 
will be deposited us a 
gelatinous film upon it 

Presence of nitrate 
If iodide is piesent it 
must usually be separated 
by CnS04 (563) before a 
nitiate can be detected. 


Presence of nitrate. 


Presence of chlorate 

For detection of ni- 
tiate and chlorate when 
mixed, see 550. 


Presence of chi ornate. 


* HF would act upon the glass, and the SiF4 thus formed would render the 
drop milky by depositing SiOs : distinguished by corroding the glass. (See 998, 2.) 
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Expel iment. 

Observation 

Inference. 

1 

6 Yellowish green gas, 
with suffocating smell, 
which bleaches moist 
litmus 

Cl from a hypochlorite 
(detected already in 997), 
or fiom a chloride in 
presence of MnOj &c. 


7 . The same gas as in 6, 
but coloured reddish 
fcroionbynitrousfumes . 
or coloured reddish 
brown by CrOClj. 

A chloride in presence of 
a nitrate or nitrite. 

A chloride in presence of 
a chromate. 


8. Substance does not 
blacken, but evolves CO 
which burns with a bliio 
flame, and CO2 which 
turns a drop of lime- 
water milky. 

Presence of an oxalate. 


9 . Substance blackens, 
and SO2 is smelt. 

Presence of a tartrate. 


10 A smell of acetic acid 
or vinegar is noticed. 

HA from an acetate. 

Confirmatory — Add 
a little alcohol to the 
substance and heat 
with HgSOi. 

Strong fragrant odour. 

» 

1 

Ethyl acetate from ao ! 
acetate. | 

1 


Notes on the preceding Table. 

999, Tlie S present in sulphides which are not decomposed by dilute 
HCl, is detected by fusing the p''wdered substance with two or three 
times as much fusion mixture (NasCOj + KgCOg) in a covered crucible, 
boiling with a little water, and placing a drop upon a bright silver 
coin, when a dark stain will be produced ; or by adding excess of an 
acid to the solution, when HgS will be evolved. Smaller quantities of 

may be detected by the formation of a black colour or precipitate on 
adding PbAg to the solution of the fused mass. 

1000 . Chlorides treated in this manner evolve GJ, recognised by its 
colour, smell, and bleaching action on litmus-paper; but this test for 
chlorides is trustworthy only if the precautions stated in 554 are 
attended to, since many samples pf MnOg evolve 01 when they are 
warmed with H0SO4. 
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EXAMINATION FOR METALS IN THE 
WET WAY. 


After the Preliminary Examination of the solid substance 
has been completed, a portion of the substance is dissolved 
(lOOl), and the solution is submitted to the systematic ex- 
amination, which commences at paragraph 1007. This is 
often termed The Examination in the Wet Way.’* 


Process of Solution. 

1001 . A portion of the solid substance, reduced to an 
impalpable powder (988), is boiled in a flask (fig. 38, p. fil) 
or boiling-tube with distilled water . if it dissolves entirely, 
proceed to IOO7. 

If the powder does not dissolve, allow the liquid to stand 
until the undissolved portion has in great part settled, then 
decant through a filter : the filtrate is Solution I. : — 


Residue in Jlask boil with dilute HCl (1004), allow any residue to settle, 
decant through the filter used above (1005); repeat this process and 
finally boil the residue with strong HCl, let settle, decant through the 
filter:— , 

FiUraUU 

Re'^due: heat with dilute, then with strong HNOj (zec6) 
as wad directed above for UCl; decant through tno 
filter . — 


Filtrate if 2 

Residue ma^ be warmed for a short time 
with a mixture of strong UNO* (xoo6) 
with three times as much HCl ; if this 
does not dissolve it, dilute and decant 
the acid mixture through the filter :•« 

Solution 11 . 

Solution III. 

Fittiate is 

Solution IV. 

Residue : wash well with 
water, dry, and examine 
as directed (1074 et seq ) 
fpr substances insoluble 
in water and adds. 
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1002 . Solutions I., II., III., IV. need not be examined 
separately. Add to I. a few drops of dilute HNOg, and if 
no precipitate is produced (l008) acidify it with HCl ; add 
also to Solution III. some HOI. Any precipitate caused by 
HCl in these solutions, is filtered off and examined by Table 
I. (1022). The Solutions I., II., III., IV. are then mixed 
together, and any precipitate produced by mixing them, is 
examined by paragraphs IO74 seq.SLS an insoluble substance. 

It is best to boil down Solutions III. and IV. considerably, 
in order to get rid of most of the HNO3 which they contain, 
before they are mixed with Solutions I. and II. 

The mixed Solutions are then examined by paragraph 

1007. 

1003. It a complex solid mixture is given for analysis, and the 

only object is to obtain a solution as rapidly as possible, the sub- 
stance may be at once boiled with aqua regia for a few minutes, 
then diluted and filtered The lesidue is examined as a substance 
insoluble in water and acids (1074, )• Th© filtrate is evaporated 

nearly to dryness, dilute HCl is added, and the solution is examined 
by the General Table (1007). 

1004. Any Changes which occur on the Addition of HCl 

should be noted down. Notice especially whether any gases 
are given ofif. Many of these may be at once recognised by 
their smell ; but a closer examination may be neglected, as 
these gases will have been already obtained in the Prelimi- 
nary Examination for Acid-radicles (997). 

If the gases are evolved from the aqueous solution when 
HCl is added, or when the HCl and aqueous solutions are 
mixed, the corresponding acid-radicles must have been 
present in salts soluble in water, probably salts of alkali- 
metals. If the gases are evolved when the residue insoluble 
in water is treated with HCl, the radicles were present in 
salts insoluble in water. 

1005. When the hot HCl-solution is cooled, crystals 
often separate. These usually consist of PbClg, rarely of 
BaClg. The ciystals should be filtered off and dissolved in a 
little boiling water* Ba is easily found by the flame-colora- 
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tion which is given by the solution (175). The formation 
of a bright yellow precipitate, when a drop of KgCrO^ is 
added to the solution, proves the Presence of Ph . Ba gives 
only a pale yellow precipitate. 

If Pb has been found, and a residue is left after the 
original substance has been treated with HCl, this residue 
may consist of PbCl^ : this substance may be dissolved by 
boiling it with water, and the use of HNO3 may be thus 

avoided (1006). 

1006. HNO3 seldom requires to be used in dissolving a 
substance. This acid should be employed, when necessary, 
only in very small quantity, since it decomposes with 
separation of S unless the solution is dilute and cold (lOIl) : 
the presence of HNOgmay accordingly delay or prevent the 
precipitation of Group II. 
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IheMliDM 

nmtcrosi 

bo(hp«gei. 


1007. GENERAL TABLE FOR SEPARATION OF 

If tlie substance for analysis is a liquid with neutral or alkaline reaction, it 
examined as directed below. 

In this Table, and also m the Group Tables which follow, it has been sup* 
precipitate will be produced when the reagent is added for its detection ; and 


Add to the greater part of the ** original solution” * HCl ; if any precipitate is produced, 


The precipitate may con- 
tain— 


PbCl2— wAits. 

AgCl— u>At/« 

BgjClj— w/iite 

(See 1010 ) 


Examine the precipitate 
by Table 1 . (lou) 


The filtrate or solution, which must give no fuither preclpi- 
then diluted with watei (10x3), unless it is alieady dilute ; 
several minutes (1014, 1015) and filtered • 


The precipitate may con- 
tain - 


EgS^lack 
Vh^lack 
M^r-^lack 
CuS— bloci 
CdS-t/eWow 


1 Insoluble 
in KHO 
and in 
AmjS. 


The solution or filtrate is di- 
cipitated as soon as H2S 
dish until it ceases to smell 
and the residue gently ignited 
heated, then water is added ; 

Add a few drops of the acid 
tate shows the prexenu 0) a 


SnS—broton 
SnSr-j/eWow i 
SbjSj— orange ( 
AsjSj— ycMow [ 
[AUjSs— ^^aclr] \ 
[mt-black] ' 


Soluble 
in KHO 
and in 
ArojS. 


Add to the rest of the HCl solu* 
any precipitate, which may 
(10x8) if a phosphate is 
phates are absent proceed as 

[Note — Befer to 


Examine the precipitate at 
once by Table II. (1014) 


The precipitate may contaio** 


Aote.— When the hot HCl 
solution is cooled, PbClj 
often separates in white 
crystals. ITie absence of 
Pb is not proved, if it is 
not precipitated in this 
group, as PbClj is somewhat 
soluble, and Pb may there- 
fore be found only in 
Group II. 


Note 1 ,— Any precipitate 
formed on boiling the 
filtrate will have to be 
added to thr above. 

Note 2 — Unlesi the liquid 
has been sufficiently di- 
luted some of the above 
metals may be afterwards 
precipitated by ArajS in 
Group III., and cause 
much confusion. 


AWHO)^— ofmort colourlm, 

CrJilW^light green 

Fe2(HO)8— rwidwi/i b){,ion. 


Examine the precipitate by 
^Tablu III.A (loayjt 


c 

Notes on the General Table. 

XO08. If the liquid under examination is alkaline or neutral in 
reaction, HNOg must be added in slig^it excess, before the examination 
by the General Table is commenced ; a change of colour from green 
to purple indicates the Premce of Manganate (628, 629). If no 
precipitate forms, the liquid is at once examined by the General 
Table; if a precipitate is produced , more HNOj is added, and the 

* By the " original solution ” is meant the solution of the sub- 
stance if a solid, or the substance itself if a liquid, to which no 
re*agent has been added. 
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METALS INTO GROUPS BY GROUP-REAGENTS, 

requires special treatment (1008) ; if its reaction is acid^ it may be at ome 


posed that all metals aie present : if a metal or group of metals is absent, ro 
hence no filtration is necessary, the solution being then treated as a filtrate. 


continue to add HCl as long as it causes any further precipitate, warm and filter : 

tate on addition of several drops of HCl, is boiled down if necessary (xoxx), and is 
it is then saturated with HjS by passing the gas through the solution* (xia4) for 


luted and HjS Is passed again into it, to make sure that Group II is completely pre- 
produces no further precipitate the clear solution or filtrate is boiled in a porcelam 
o(H^(xox6),a little strong IINO 3 is then added, and the liquid is evaporated to dryness 
in the dish When the dish is cool, a little strong HCl is poured upon the residue and 
any undissolved residue is filtered oil (10x7) 

solution to some AmHMo04 solution in a test-tube, and warm gently ; a yellow precipi- 
phosphate, if no precipitate is formed with AniHMoOi, phosphates are aibserJt. 

tion AmCl, heat it to boiling, then add AmllO in excess, boil again, and filter off 
form, as quickly as possible, keeping the funnel closely covered with a jdass plate 

f ireseiit and a precipitate is produced by AmHO refer to Tables (1065, xo6^ if phos- 
8 directed below — 

j 

xo6a, St ssj., for full directions for precipitating Groups III. A and III b ] 


Add to the filtrate or solution, wlilch maybe coloured (xoig). yellow Ain2S in excess, 
boil and filter:— 

1 The precipitate may contain— 
ZnS— 

hlnS-Ught-pink, 

Add to the filtrate or solution, which roust be dis-j 
tinctly yellow or brown (xoso), AiUjCO,, warm 
gently and filter 

CoS—ftiacA 

m^hlack. 

The precipitate (xosx) may 
contain— 

Tiie filtrate may contain 
Mg, K, Na. 

Examine this precipitate at 
ones by Table III.B (loaS) 

Bachr-white, 

SrCOs— 

CaCO,— wAxte. 

Examine by Table V. 

(1035). 


Examine the precipitate by 
Table IV. (1031) 



liquid is heated, and if a precipitate still remains, it is filtered off and 
the filtrate is examined by the General Table, commencing with the 
addition of HCl. j 

The precipitate caused and not^dissolved by HNO,4 may be finely 
divided sulphur, which separates as a fc/itVe powder from a sulphide, 
and as a yellow powder from a thiosulphate f ; this precipitate may be 
recognised by its colour, and by not being separable by standing or 
filtration : it may be disregarded. There may also be precipitated 

* Instead of diluting and i passing the gas, IljS-solution maybe 
added. 

f Formerly called a “ hyposulphite.” 
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1X48104 (gelatinous, almost colourless), SnO.j or metastannic acid 
(1009), SboOg, AgCl (all three white), SnSj, A^jS, (both yellow), Sb^Sg 
(orange). A full examination of this precipitate for all that it may 
contain may be made by boiling the precipitate with aqua regia, and 
then diluting the liquid arid filtering it ; any insoluble residue which 
remains is then examined as a substance insoluble in water and acids 
(1074) ; the aqua regia solution is added to the filtrate from the preci- 
pitate which was originally produced by HNOg, and any precipitate 
which is caused by mixing these solutions is examined by Table I. 
(1022). 

loog. Metastannic acid is precipitated from the solution of an 
alkaline metastannate by the addition of an acid. It forms a white 
precipitate, which becomes golden-yellow when it is moistened with 
SnC1.2-solution. It is further recognised by dissolving in the wash- 
ing-water while it is being washed, and being reprecipitated when 
the washing runs into the acid filtrate. 

1010. It must be remembered that strong HCl also precipitates 
a strong solution of a barium salt. This precipitate, however, is 
readily dissolved when water is added and the liquid is heated . it 
is easily distinguished in this way from AgCl and Hg.jClo. 

1011. If HNOg or aqua regia has been used in dissolving the sub- 
stance (1001, 1006), or if the solution smells of Cl or SO2, the liquid 
should be boiled down considerably, until neither of the above gases 
is smelt when HCl is added and the liquid is again boiled. The 
solution is then diluted, and H2S is passed into it at once, whether 
the dilution has caused a precipitate or not (1013). 

If As has been detected in the Preliminary Examination, H2SO3 
should be added, until the liquid sAiells of SO2 after it has been 
boiled for a short time. The liquid is then heated for some time 
short of boiling until it no longer smells of Sf)2* This treatment 
reduces arson and stannic compounds to the arsenioiii* and stanncii« 
condition. 

In the case of As this reduction is to be recommended, since 
arsenic compounds are not easily precipitated ^by HgS. It is also 
very desirable to reduce stannic compounds, since SnSg, unlike SnS, 
readily runs through the filter, and being yellow in colour may be 
mistaken for S. It will of course be necessary to try the Special 
tests 323-326 and 340-342 upon the original solution^ in order to 
ascertain in which state As and Sn were originally present. If any 
precipitate, other than white sulphur, is produced by boiling with 
HgSOg, refer to paragraph 10x2. 

10X2. While the solution is being boiled with H^SOg, some H2SO4 
is usually formed. This acid may partially or completely precipitate 
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Pb, Ba, Sr as white sulphates. HaSOi may also precipitate Au as a 
fine powder, which causesthe cool liquid to appear blue by transmitted 
and brown by reflected light, this fine precipitate remains suspended 
but separates as a black powder when the liquid is boiled. Examine 
any precipitate which has been formed by HgSO^ by Table G(io23) 

1013. Dilution with water may cause Bi, Sb, Sn to form white 
precipitates of their oxychlorides. These precipitates may be 
disregarded, since HgS readily converts them into sulphides. 

1014. H2S often produces a fine white precipitate of S : this is caused 
by the presence of certain oxidising substances, such as Cl, HNO.{, 
HClOi, HoCr04, HMn04, HgSOj, Fe,Clfi (loii). This precipitate is 
known by its perfect whiteness, and by not being separable by stand- 
ing or by filtration , it may be neglected. Great care must however 
be taken not to mistake SnSj for 8 ; it resembles S in running 
through filter-paper, but differs by being distinctly yellow in colour ; 
it may often be coagulated by shaking or heating the liquid, 

1015. Certain changes may be observed while H.jS is being passed ; 
they should be carefully noted. Thus while Hg and Pb are being pre- 
cipitated by H^S, the precipitates often show characteristic colours 
(279, 284). A solution, which is coloured reddish-yellow by H2Cr04, 
becomes green ; a solution, which is coloured purple by HMn04, 
becomes colourless ; and a reddish-yellow ferric solution becomes a 
pale-green ferrous solution. Each of these changes is attended by 
separation of sulphur. 

1016. If a yellow precipitate forms when the filtrate or solution has 
been saturated with H^S and then ooiled, this shows the presence of 
an arsen/(? or a staDn<^; compound. In this case HoS should be passed 
into the boiling liquid as longas it causes any further precipitate, the 
precipitation being preceded with advantage by reduction with SO2 
(loii). The precipitate is filtered off and added to any precipitate 
which has been already obtained by HoS, and is then examined by 
Table II. 

X017. SiO^ and other substances may be present in the insoluble 
residue which is left after evaporation with HCl. Si02 is distin- 
guished from any other substances by disappearing when it is 
heated with HF. 

AI2O3, Fe20j,Cra08 may remain undissolved by HCl, if they have 
been rendered difficultly soluble by the ignition to which the residue 
has been subjected. They may be dissolved by long-continued 
heating with strong HCl. The solution thus obtained is added to 
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BaS04 and SrS04 may also remain undissolved. They are de- 
tected by heating some of the residue strongly for a short time m 
the inner blowpipe-flame upon a loop of platinum wire, then 
moistening the loop with a drop of strong HCl, and holding it in the 
outer part of the Bunsen-flame. Crimson-red flashes, which appear 
red through the indigo prism, prove the presence of Sr ; a yellowish- 
green flame-coloration shows that Ba is present. These flame- 
colorations should also be examined by the spectroscope (113). 

The following is a less rapid method of detecting Ba and Sr. Dry 
the insoluble residue ; fuse it on platinum foil with tliree or four 
times as much fusion-mixture , allow it to cool, then boil the mass 
with water until it is disintegrated ; filter, wash the residue well upon 
the filter, and examine it by Table IV. (1031) for Ba and Sr only. 

1018. Mn and Zn may accompany the precipitate of Fe2(HO)6, 
A^HOlg, Cr2(HO)6 in Group III. A. The precipitation of Mn is partly 
prevented by keeping the liquid from exposure to the air after AmHO 
has been added in excess. But the further precaution should be 
taken of dissolving the precipitate, which has been produced by 
AmHO, in HCl, and reprecipitating it by AmHO : the liquid is then 
filtered, and the filtiate is added to the filtrate which was originally 
separated from the Group Ilf. A. (precipitate. This treatment of the 
precipitate should be repeated several times, if small quantities of 
Zn or Mn have to be looked for in the presence of A1 or Fe. 

It is better still to precipitate Groups III A. and III.b. together 
(1058), and to examine the precipitate by Tables III.C., III.D. (1063, 
1064) See rules given in paragraph 1062. 

1019. The filtrate or solution, after the addition of AmCl and 
AmHO, may be coloured Hue by Ni, vrown by Co, or reddish-iiolet 
by Cr2H,508, which have been dissolved^in the exce&s of AmHO. 

The CrgHgOg must be removed before proceeding to examine for 
the remaining Groups. It is readily separated, as a pale green floc- 
culent precipitate, by boiling the liquid for a short time in a porce- 
lain dish, a little more AmHO being added if tne liquid does not 
smell of NHj after it has been boiled for a short time. This preci- 
pitate is filtered off, and the filtrate is further examined for Groups 
III.B., IV., and V. by the General Table. 

The coloration of the ammoniac^l liquid, which is caused by Ni 
or Co, is not removed by boiling the liquid. 

1020. A hrown o^ dark colour in the filtrate from the Group III.B. 
precipitate shows t ^at Ni is present,* the colour being due to the 

* If Groups III.a\ and III.B. have been precipitated together by 
AmCl, AmHO and An>oS added in succession (1058), the coloration 
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solution of some of the NiS in the excess of yellow Ani2S. If the 
filtrate is brown or black, it should be poured into a porcelain dish 
and boiled until black NiS settles down and leaves a colourless 
liquid, when the lamp is removed for a few minutes it may be 
necessary to add a little water, in order to prevent evaporation to 
dryness. The liquid is then passed through a small filter, and^the 
black precipitate is tested for Ni by fusing the portion of the filter- 
paper, which IS stained by the NiS, into a colourless borax-bead. 
If the bead is iiolet or hroivn while hot and yellow when cold after 
It has been heated in the outer fiame, and hecomea grey or opayue 
after it has been heated in the inner flame, Ni is certainly present, 
and need not be further tested for in Table III B. (1028). 

The colourless filtrate from which the NiS has been precipitated, 
is examined by the General Table for Groups IV. and V. 

1021 . Part of the precipitate, which has been produced by AraoCO „ 
often adheres firmly to the inside of the vessel in which it has been 
produced. If this is the case, the tube should be rinsed out several 
times with distilled water, and the precipitate dissolved by pouring 
in some hot HA and causing it to run over the inside of the tube. 
This solution is added to the HA-solution of the AmoCO ^-precipitate, 
which is subsequently prepared for Table IV. (1031). 


of the filtrate may also be due to Cr.2H(,Ofi. When the filtrate which 
18 coloured by Cr2HQOQ is boiled in a porcelain dish for several 
minutes, pale green CrjHgOg is precipitated, which cannot be mis- 
taken for hlnel’ NiS. 
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[1022. TABLE I.— SILVER GROUP. 

The precipitate produced by HCl may consist of PbCJg, 
AgCl, and Kg'^Cl, : the precipitate on the filter is washed 
five or six times with boiling water, the first portions of the 
washings being kept apart : — 


The first portions of the 
washings may contain 
PbClo in solution if 


Retidiie: the residue is rinsed into a test-tube 
(too a, /)and boiled with AmHO, and the 
liquid 13 then filtered • 


this IS present in any 
quantity, it will be 
deposited in brilliant 
crystals as the liquid 
cools. 

Test for, or confirm the 
presence of Pb, by add- 
ing to the washings 
K2Cr04 : a yellow pre- 
cipitate, readily soluble 
in KHO, shows 

Prmnce qf Pb, 


Filtrate add HNO3 
until the liquid is 
acid * a white pre- 
cipitate, which 
unites into curdy 
particles when the 
liquid is shaken or 
boiled, shows : — 

Pre 8 enc§ qf Ag, 


Residue on the filter is 
black : dry at a gentle 
heat , scrape the precipi- 
tate otf the filter, mix 
with some dry NajCOs, 
and heat in a small 
ignition tube (aSa). 
Globules of Hg are seen 
on the sides of the tube, 
but often only when the 
inside of the tube is 
rubbed with a rod or 
examined with a lens:— 

Presence of 
(Mercurosum). 


1023. Table G. — Examination of jthe Precipitate 

FORMED BY BOILING THE HCl SOLUTION WITH H^SOj. 

(See par. 1012 ) 

The precipitate produced by H^SOg may contain Au, 
PbSO^, BaSO^, and SrSO^ ; the last three substances are 
perfectljr white, and Au, if present,^s therefore usually seen 
by colouring the precipitate btown or black j the Au is also 
usually virible during precipitation by H^SOg, or after the 
white sulpWtes have subsided, since it colours the liquid 
blue by transmitted and reddish by refiected light. 

Ba and Sr can often be at once detected, if present, by 
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taking a little of the moist precipitate on a loop of platinum 
wire, heating it in the inner blowpipe-flame for some time, 
moistening with HOI, and examining by the flame-colora- 
tion test. A more trustworthy method of proceeding is the 
following. 

Rinse the precipitate into a small porcelain dish, using 
as little water as possible ; dissolve in the liquid a small 
crystal of H^T or add a few drops of strong HA ; then add 
AmHO until it is just in excess, and boil for a short time; 
letj the liquid stand for a short time, and decant through a 
filter : — 


Solution may con- 
tahi PbS04 , add 
HA in excess, 
then K2C1O4 , a 
yellow precipi- 
tate soluble in 
KHO shows — 

Preaenee 0/ Pb . 


Residue: pour upon the residue m the dish a little 
HCl and a few diops of HNO3, heat to boiling, lei 
stand, and decant Into a porcelain dish * — 


Solution boil until the 
smell of Cl IS removed, 
add several drops of 
fresh FeS04 solution , a 
blue coloration and red- 
dish precipitate show.— 

Presence of au . 


Residue' dry by gently 
heating the dish, fuse 
with fusion mixture on 
platinum foil, and ex- 
amine the mass for Ba 
and Sr as directed in 
the last part of zoiy. 
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fl,«eUne» 1024. TABLE IL~-COPPER AND 

The precipitate produced by H2S in the HCl solution, after having 
with a small quantity of yellow Am2S* or with much KHO solii- 


GROUP II A. -COPPER GROUP. 


XO25 The residue may contain HgS, TbS, Bi2S3, CuS, CdS After having washed the 
precipitate and allowed it to drain, remove it from the filter into a porcelain dishliood), 
pour upon it strong HNO3 sufficient to cover it completely, and heat gently as long as 
any red fumes come off, adding more strong HNO3 if necessary to prevent evaporation 
to dryness Boil off nearly all the acid, add a little dilute H2SO4, let stand for some 
time, stirring occasionally, and filter 


Residue may contain HgS 

M , PbS0i(«;lii<6); but 
e, the absence of Hg 
is not proved. 

Remove the residue into a 
porcelain dish, using as little 
water as possible, add a little 


HoTjthen AmHO m excess, 
boil and filter — 


Residue' dry on 
the filter at a 
gentle heat, 
best in the 
steam oven. 
Sci ape the dried 
resuiuo off the 
filter (Note 1 ), 
and heat it, 
mixed with dry 
Na^COs, in a 
small ignition- 
tube ; globules 
of Ug form on 
the sides of the 
tube, which 
become visible 
when rubbed or 
when looked for 
by a lens 
Presence o/Hf 
(Mercaricumj;, 


FiltraU • 
Add HA in 
excess, then 
K2Cr04, a 
yellow pre- 
cipitate — 
Presence o/\ 
Pb, ' 


Filtrate may contain Bi, Cu, Cd 

Add AmHO in excess, boil and filter 


Filtrate^ if blue, eontainsCu. (Note 
2). add HCl until the liquid is 
acid, then pass H2S to saturation, 
filter and wash quickly, keeping 
the filter covered with a glass 
plate , rinse the precipitate into 
a test-tube, pour upon it some 
dilute H2SO4, boll and filter 
through a covered filter (note 8).-- 


Preapitate (not 
easily seen in 
dark blue solu 
tions) wash 
with hot water, 
dissolve off the 
filter by pouring 
upon it a few 
drops ot boiling 
dilute HCl, let 
this solution drop 
Into a large 
(luautity of cold 
dieiilled water, 
Q milkmess ap- 
pealing at once 
or after stirring 
and letting 
stand for some 
time, shows — 
PrmrweofBi. 

Note — A pre- 
cipitate produced 
by AmHO must 
always be tested 
as above for ^1, 
since Pb and Hg 
might possibly ap- 
pear here as white 
precipitates and be 
mistaken forBi. 


Residue dissolve 
by pouring a 
little boiling 
HNO3 upon the 
filter, add to the 
solution AmHO 
in excess, then 
HA m excess 
and a few drops 
of K4FeCy8 a 
chocolate ■ red 
precipitate 
shows — 
Presence of Cu . 


Filtrate add 
much water 
and pass H2S 
for some time, 
or add much 
H2S-water, a 
yellow precipi- 
tate shows — 
Presence of Cd. 

Note - If this 
piecipitate is 
daik * coloured, 
CuS is present 
(see N(fte 8) : 
niter it off, boll 
it once more with 
II2SO4, filter and 
teat the filtrate 
by II2S as above, 
for Cd. 


* If traces of Cu have to be tested for, NajS should be substituted forAnigS, since CuS is 


Note 1 .— If the residue is too small to bo removed, the portion of the paper 
containing it may be cut up and mixed with Na^COg. For the precautions 
requisite in performing this test refer to paiagiaph 282. 

Note 2 .— Another method of detecting Cd in the presence of Cu, consists 
in adding XCy solution to the blue araraoniacal liquid, and passing HjS ; Cd 
if present fells as yellow sulphide ; Cu may then be tested for in the filtrate, 
which has been boiled down considerably with excess of HNOj, by adding 
AmHO in excess, then HA in excess, and K4FeCy3 (298). 

Note 8.— Unless this precipitate is Sltered without delay in a covered funnel, 
washed quickly, and examined at once, CuS is liable to be oxidised and to 
pass into the filtrate as0aS04 ; it then discolours the CdS precipitate, or may 
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ARSENIC GROUPS. 

been washed with hot water, is removed from the filter and boiled 
tion, and filtered : — 

GROUP ILb'— ARSENIC GROUP. 

Th$ /titrate may contain AsaSg, Sb2So, SnS2, SnS, [Au2Ss, PISq], Add to it HCl until it is 
acid, and pass HoS unless the liquid smells strongly ; the above sulphides if present will 
be reprecipltated ; a mere milkmess due to piecipitation of S may be disregarded. 
(Note 4 ) 

' The piecipitate is filtered off and examined as directed below (zoa6). See also Note 5 i 

1026. The precipitate is allowed to drain for some time upon the filter in the funnel 
It is best then to dram it still further by carefully taking the filter out of the funnel, 
opening it out, and spreading it upon a pile of three or four cut filter-papers. The pre- 
cipitate is then removed to a small porcelain dish (too, d, f) and heated for some time 
nearly to boiling with strong fuming HCl Tho Iniuid is then cooled and filtered 

The residue will consist of The filtrate may be examined for Sb and Sn by 

AsaSa, which is almost m- either I or II. below 

soluble in strong HCl I. Place a piece of platinum-foil in a porcelain dish and 

Dry the washed residue on pour the acid filtrate upon it, then touch the foil with 

the filter at a gentle heat, a piece of Zn ; H will conio off with effervescence, and 

then mix it with thiee or if either at once or after a few minutes a black stain 

four times as much pow- appears upon tho platinum the presence of Sb is indi- 

dered KCy and freshly cated. Conflim as directed in Note 6 

dried NaoCOa, and heat the The platlnuni-foil is removed and pieces of Zn are 
mixture in a small bulb- placed in the liquid as soon as the bubbles of H cease 

tube, removing any drops to be given off, Zn still remaining undissolvcd, remove 

of water inside the tube by the pieces of Zn, ii ’gibing and rinsing any dark deposit 

a twisted piece of flltei- back into the dish (338) ; let this deposit settle, decant 

paper, a black minor the liquid and heat the solid deposit with strong HCl 

(380) —Presence of As for several minutes m a test-tube, dilute with a little 

(Refer to Note 7 ) water, filter if necessary, and add a few drops of HgCl^ 

solution . a white or grey precipitate (341) indicates 
Presence of Sn (Note 1 ) 

Note.— The AsgSj may also Eefer to 1072, 1073, if An and Pt have to be t^rted for. 

be dissolved by heating it ttt: — I 771 — ~ 7~ ' 7 , T~~r 

with a little fuming HNO3 II The acid filtrate is poured into a little hydrogen flask 
The excess v f HNOj is boiled (Ag 7 L par which H has beeu coming off briskly 

off and As is detected as I®*' about five minutes, being produced by the action of 

H3ASO4 by adding AmCl cv- a little dilute ^C 1 upon some pieces of Zn The H is 

cess of AinHO and M<^S04 lighted at the jet, and the inside of a small porcelain 

(326)- or by addition of ' dish or ciucible lid is piessed down upon the flame • a 
AgNcij, and then cautiously black stam" which is not dissolved by solution of 

neutialisiiig with AmllO b’aacliing-powder, shows 

(mo). The residue in the flask is tested for Sn, as directed 

^ in the latter part of I. (above). 

1 

imewhat soluble in Am2S ; but Sn"S and AU2S3 are much more readily soluble in Am^. 

be entirely overlooked if present in small quantity. It is well to pour a few 
drops of HgS water into the funnel with each fresh additionof washing water. 
Note 4 . — White S will always be precipitated here, if yellow ammonium 
sulphide has been used above. Traces^of the^sulphides aie detected by shak- 
ing up a part of the white liquid with benzene. The coloured sulphide is seen 
at the surface of contact of the benzene with the acid liquid. 

Note 5 . — The detection of As, Sb, Sn by the method given in 1026 is 
simple and rapid. It is excelled in delicacy and trustworthiness by the 
methods given in paragraphs 346 and 347 ; but these methods need not 
be resorted to unless Au or Pt, or traces of As, Sb, Sn have to be tested for. 
Note 6.— -The Sb deposit on the Ft may, after rinsmg the foil, be 
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dissolved by heating the Pt in a test-tube with a little very dilute 
HNO.J. On cooling this solution, diluting it and passing HgS, an 
orange-red precipitate will form either at once, or after the liquid 
has stood for some hours, confirming the Presence of Sh. 

Note 7 . — The passage of HgS into the HCl solution in the General 
Table (1007) may have already indicated by the colour of the sul- 
phide precipitate, or by precipitation occurring only on application 
of heat, whether As and Sn were originally present in the -ous or -/c 
condition. If this is not certain, tests 323-326 and 340-342 must 
be tried with the original solution of the substance. 

1027. TABLE III.A.— IRON GROUP. 

The precipitate produced by boiling, after addition of 
AmCl and of AmHO in excess, may contain Al3(HO)g, 
Cr/HO)6, Fe/HO)g • the colour of the precipitate will 
usually show whether it contains any quantity of Fe^(HO)g 
(reddish-brown), or Or,(HO)Q (pale green), since Al,(HO)g is 
colourless. 

Dissolve the precipitate in a little boiling dilute HOI 
(100, d, e, f), add to the^solu^ion pure KHO or NaHO until 
the precipitate remains after the liquid has been stirred, 
then add KHO or NaHO in considerable excess, boil for 
some time and filter : — 


2 Precipitate may contain Cr^(HO)(} and Fe2(HO)0. 

Dry upon the flltei, carefully avoiding charring the 
paper, wl^;?n sutticiently dried the substance will 
nave shrunk considerably into small, hard, dark- 
coloured plece^» ; detach these from the filter and 
fuse them with a little solid N'a^COs and 
upon a piece ol platinum foil, either su^orted 
upon a pipeclay triangle held in the Bunsen 
flame by crucible tongs Continue the fusion 
by heating the under surface of the foil in the 
blowpipe flame as long as any frothing occurs, 
then allow to cool , a yellow mass indicates the 
presence of Cr (note 1) Boil the platinum foil 
in a small porcelain dish with water until the sub- 
stance IS entirely dissolved tr only a daik blown 
powder (Fe^Os) remains uiidissolved , take out the 
foil, allow the powder to settle, and decant the 
liquid through a filter* — 

e 


1. Filtrate may contain 
Al2(HO)(i dissolved in 
excess of NaHO : if it 
is green, Or^fHOle is 
also in solution and 
must be precipitated 
by further boiling in 
a porcelain dish, and 
then be removed by 
filtration. 

Add HCl in slight ex- 
cess, then AmHO in 
slight excess (xoA : a 
colourless gelatinous 
precipitate allows .— 

Presence oj Al. 


Note. — Sodium and 
potassium hydrates are 
very liable to contain 
the analyst 
must sieeHain that 
the Al does not come 
from this source. 


8. Piffrafe will be yellow if 
Cr is present (note 2). 
Add HA in exce8S,Bhown 
by the colour becoming 
reddish, boil for sevem 
minutes, then add Pb A3 
solution; a yellow pre- 
cipitate shows:— 
Pretence of Or (note 3). 


4. Residue ia porcelain 
dish : dissolve by pour- 
ing in a little Ha 
and boiling, add some 
water, then a few drops 
of KCyS solution; a 
blood -red coloration 
shows ; — 

Presence o/Fe (note 4). 
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Note 1 — If Mn was present in the original substance, it is often 
precipitated more or less completely with the Fe, and will be 
detected by imparting to the fused mass a bluish-green colour This 
should be noted, as the Mn may possibly be entirely precipitated in 
this Group, and will not then be detected in the next Group. 

Note 2. — The green colour, due to the presence of Mn, conceals the 
pale yellow colour due to Cr But when the cool mass is dissolved 
in water and the solution is boiled with HA, the manganese colora- 
tion is destroyed. The yellow colour due to Cr then becomes evident, 
after any dark-coloured precipitate has been removed by filtration. 

Note 3. — Cr may have been present as a chromic salt, m which Cr 
replaces the hydrogen of an acid; or as a chromate, in which Cr is 
united with oxygen to form an acid-radicle. Ascertain in which 
state Cr was present, by boiling some of the original substance with 
NagCOj-solution and filtering A yellow filtrate, which after it has 
been acidified with HA gives a yellow precipitate with PbAg, shows 
that Or was as a chromate. If the Cr was previously com- 

bined with an acid-radicle as a chromic salt, it will remain undis- 
solved as green Cr 2 (HO) 6 , and will not colour the filtrate • it is found 
by 2 in the preceding Table. 

Note 4. — Fe is always detected heie as a ferric salt • since, even if 
it was originally present as a ferrous compound, this will have been 
converted into a ferric salt, when the solution is boiled with HNOj, 
before Group III.A. is precipitated in the General Table. In order to 
ascertain in which condition Fe was present, some of the original sub- 
stance is boiled with HCl in a special apparatus (figs 40, 41, par 86), 
the solution is filtered, if necessary, and then divided into two parts. 
To one portion freshly made solution of KjFeCyg is added {Note, 201 ), 
a dark blue precipitate shows the Presence of Fe"' {Ferrosum ) , to 
another portion KCyS is added, a blood-red colour shows Presence 
of Fe'" {Ferricum) 

1028. TABLE III.B.— ZINC GROUP. 

The precipitate produced by Am^S in the solution, or in 
the filtrate from Group III.A., may contain ZnS, MnS, NiS, 
CoS. The colour of the precipitate will usually show 
whether it contains any quantity of NiS or CoS which are 
black, or consists only ck MnS (pink) or ZnS (white). 

The presence of Ni will have been indicated by the blue colour of 
the filtrate, which was obtained after boiling with AmHO in the 
General Table, and by the dark brown colour of the filtrate which 
was obtained after boiling with yellow AmgS. If the black precipi- 
tate, which was obtained by boiling the dark brown filtrate from 
AiDgS ( 1020 ), has been proved by the borax-bead to be NiS, the 
further tests for Ni in the following Table may be omitted. 
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Eemove the precipitate from the filter with cold dilute 
HCl in the way described in par. lOO C ; take out the paper 
and allow the liquid to stand, occasionally stirring it well. 
The precipitate will either dissolve, leaving only white 
sulphur, in which case the milky liquid may be at once 
examined by IO3O; or a black residue will be left, which 
must be filtered off and examined by 1029, the filtrate being 
examined by 1030. 


1029* The rendue h black, and may contain NiS, CoS. 

ExamxnaHon by tfx« bot ax bead 

Ifuse a small quantity in a clear borax bead 111 the extieme tip of the outer blowpipe 
flame, note its colour ; then fuse the bead fur some time in the inner blowpipe 
flame, and agam observe its colour. Any one of the following observations may be 
made | 

1 

Blue bead in both 
flames shows 

Presence 0/ Co . 

Co need not be further 
tested for, but if any 
doubt exists as to the 
presence of Ni the 
rest of the residue 
must be examined as 
below. 

Brown or yellow head, 
when cold after fusing 
it in the outer flame, 
which becomes grey or 
opaque in the inner 
flame, shows 
of Ni, Absence of Co 
Unless merf traces of Co 
have to be tested for, 
no fuither examina- 
tion need be made 

A bead which is neither brown 
nor blue, but of some inter- 
mediate hue on cooling 
from the outer flame, indi- 
cates the probable presence 
of both Co and Ni 

Examine the remainder of the 
black residue as directed 
below for Ni and Co, or fpr 

Co alone if Ni has been 
already detected by (jojo). 

Further examination of the residue —Rinse the residue from the filter into a porcelain 
dish, using as little water as possible: pour in a little stiong HOI and boil for 
gome time, adding occasionally a small crystal of KCIO3, until the black residue is 
entirely dissolved or only a small quantity of daik sulphur lemains, then boil 
down nearly to dryness, a blue liquid shows 'presence of Co ; dilute with a little 
water, filter if necessary into a boiling-tube and poui m KCy solution slowly until 
the precipitate formed at first is just ledibsolved, boil biiskly for several minutes, 
and add much strong NaOCl , or make decidedly alkaline with NaHO and add 
much Br-water ; heat nearly to Uoilmg, and allow tlio liquid to stand at least ten 
minutes, filter*:— ( 

1 

Precipitate (black) : wash, 
ana confirm the presence of 
Ni by fusing some of the 
precipitate, or the paper 
stained with the precipitate, 

In a borax bead in the outer 
and inner blowpipe fiames 
a bead yellow when cold, be- 
coming black in the inner 
flame shows .— 

Presence of Ni. 

Filtrate must be warmed with more NaOCl, or 
Br-water, and filtered fiom any additional preci- 
pitate which may form, then evapoiated to diy- 
ness and strong HNOs poured upon the residue as 
long as any frothing is'caused, this is then eva- 
porated just to dryness, the residue dissolved in 
water, excess of KHO added to it, and any precipi- 
tate filtered off and fused mto a borax bead, taking 
thepemer staAed by the precipitate if the precipi- 
tate if not easily removed . a blue bead shows.— 
Presence of Co. 


* If this precipitate adheres to the sides of the boiling tube, it is dis- 
iolved, after the liquid has been emptied out, by pouring in a little 
boiling HCl ; from this solution the Ni is precipitated by addition of 
KHO, and the precipitate is filtered ofif and tested by the borax bead 
for Ni. 
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1030. The Solution or filtrate may contain Zn, Mu. 

Boil in a porcelain dish until it ceases to smell of H^S, then drop in a small crystal 
of KClOj, and boil for several minutes. After cooling the liquid add pure NaHO 
until after stiiiing the liquid it turns red litmus-paper blue, then add more NaHO, 
stir well and filter : 


Preapitate is white at first, 
but rapidly darkens in the 
air. Fuse a poition of it 
with solid NaoCOa and 
KNO, on platinum foil , a 
bluish green mass is ob- 
tained on cooling, showing 
Piesence of Mn , 

Note — Mn may have been 
otigmally piesent either ic- 
placing H in an acid, or com- 
bined with 0 as an acid- 
radicle Its presence in an 
acid-radicle Is indicated by 
the colour of the original solu- 
tion, since m the form of 
nianganate it is green, and as 
permanganate it is purple , 
these colours disappear on 
boiling the HCl solution for 
some time, or on passing lIjS . 


Filtrate; pass H2S, a white precipitate forma, often 
somewhat discoloured, showing : 

Presence of Zn. 

Note --From a dilute solution of Zn(HO)2 in NaHO 
the Zn(HO)2 Is precipitated on boiling , hence after 
adding NaHO, as directed above, the liquid must not 
be boiled, else Zn might be precipitated with the 
Mn(HO)2 and escape detection 
Hut by diluting and boiling the above filtrate, it is 
usually possible to cause any Zn(H0)2 which it holds 
in solution to precipitate, especially it the alkalinity 
of the liquid is somewhat 1 educed by cautious addition 
of llCl in quantity insutficient to make the liquid acid 
If this precipitate is separated by pouring the liquid 
through a double filter and is then dissolved off the 
filter and the sides of the boiling tube by a little 
boiling HA, ZnS may be precipitated perfectly whtU 
from this solution by H23. 


1031. TABLE IV.-BARHJM GROUP. 

The precipitate, which has been produced by Am^COj, may 
contain BaCOj, SrCOj, CaCOg. It is to be well washed with 
boiling water. Before the whole of the precipitate is dis- 
solved off the filter, much may usually be learnt by making 
an examination of the flame -loloration, which is yielded by 
the solution of a part of th^ precipitate in HOI (IO32). The 
results thus obtained are afterwards confirmed in the wet 
way by par. IO33, or by the quicker method in par. IO34. 

1032. Examination hy Flame-Coloration . — Take a small 
quantity of the precipitate off the filter upon the end of a 
glass rod, and dissolve it by moving the end of the rod about 
in several drops of HCl on a watch-glass ; dip into this solu- 
tion a loop of platinum wire, which imparts no colour to the 
flame (ll2, Exp. 91), and hofd the loop for some time in the 
Bunsen- flame: repeat these processes if the coloration has 
not been satisfactorily observed. Cawill impait to the flame 
a yellowish-red colour, Br a cnmson-red^ Ba a yellowish- green. 
The red colorations yielded by Ca and Sr are distinguished 
by viewing the flame thiough the indigo-prism; the Oa 
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These coloration then appears dingy green^ while the Sr-coloration 
remaining after the other colorations have disappeared, 
across are apt to interfere with one another; but if at any time a 
pages, present ; if a green coloration is visible without using the 
may also be examined by the spectroscope (lI3)* 

1033. Examination m the ^Yet Way. — Dissolve the rest 
HA; boil the liquid and pour it again through the filter, if 
not acid in reaction, mix moie HA with it, then pour off a 
the larger portion ( 7 i). Cool poi tion {A ) and add to it several 
refer to column I. below, 01 to lY. (IO34) no immediate 
cipitate then forms lefer to II. or to V. (IO34); 
by III. or by YI. (IO34). 

1 , An immediate yreapitate is produced hj CaSO^ in the cold, showing 
Presence of Ba . 

Portion {B) must then bo tested for Sr and Ca which may also be pre- 
sent : examine it as directed below : — 

Add KgCfO^ solution until the colour of the liquid is reddish yellow ; 
heat, and filter through n double filter-paper, pouiing the filtrate 
thiough the same filter lepeatedly if necessary until the liquid is quite 
clear ; then add to the liquid, which must be orange red m colour, 
Am HO until the colour changes to pale yellow, then add Am^COg 
} solution - 


No precipitate forms, 
showing •— 

. Absence of Sr and 

Ca, 

A precipitate forms, showing Sr, Ca, or both of 
thqm, to be present. Add to the liquid AmjCOs 

111 excess, filter, reject the filtiate and dissolve 
the precipitate oft’ the filter in as little boiling 
HA as possible ; pour off a small part (C) of 
this solution, rcsei-^^ing the larger portion {JD), 

To (CO add CaS04 solution and boil 


No precipitate form 
Absence of Sr* t 

Examine portion (JD) for 
Ca as directed at [D) 
in Column III. 

A precipitate form:^ 
Presence of Sr. 
Examine portion [D) 
for Ca as directed at 
{D), Column II. 


10 .3^. BARIUM GROUP.- 


IV, Add K2Cr04 solution to portion [B) until the liquid is coloured, heat, 
and filter through a double filter-paper, 

Thfi yellow precipitate confirms the presence of Ba. 

For the examination of the Filtrate refer to Column Y. 
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still appears crimson ; Ba is usually found by its coloration 
When all three metals are present together, their colorations 
red colour is visible through the indigo-prism, Sr is certainly 
prism, the presence of Ba is proved. The flame-coloration 

of the precipitate ofT the filter by pouring in a little boiling 
the precipitate is not entirely dissolved. If the solution is 
small portion (.4) of the solution into a test-tube, and put by 
drops of CaSO^-solution ; if an immediate precipitate forms, 
precipitate forms heat the liquid to boiling, and if a pre . 
precipitate forms even after several minutes, test portion {B) 


II. A p'ecipitate is not formed at once on 
the addition of CaSO^, hut appears on 
boiling the liquidf showing : — 

Absence of Ba and Bresence of Sr. 

D, Portion [B) is then examined for Ca 
as directed below 

Add dilute 11^804 in excess, boil and filter, 
reject the precipitate ; add to the filtrate 
several diops ot II2SO4 and boil ; if 
this causes any precipitate boil and filter, 
and again test the filtrate by addition of 
H2LO4 and boiling : repeat this process 
if necessary. To tlie clear filtrate, which 
gives no further precipitate on addition 
of H2SO4 and boiling, add gradually 
AmllO until after mixing the liquid by 
thorough stiiring or shaking, it turns red 
litmus-paper blue, then add Am2C204 
solution and warm gently ; a white pre- 
cipitate, often appearing only after a 
time, shows : — 

Presence of Ca . 

(See Note, Column III.) 


III. No precipitate is pro- 
duced by CaSO^i on 
boiling, showing : — 
Absence of Ba and Sr, and 
Presence of Ca. 

Confirm the presence of 
Ca by making portion {B) 
alkaline with AmHO 
(103), then add Am2C^04 
solution ; a white precipi- 
tate forms, showing ; — 

Presence of Ca . 


Note . — Tf mere traces of Ca 
have to be tested for, the 
filter-paper used in the ana- 
lysis must first be freed 
from any traces of Ca it may 
contain by wetting it with 
dilute HOI, and then tho- 
roughly washing it with 
distilled water, as described 
in the last par. of 92. 


TABLE IV.A. 


V. The Solution or Filtrate may contain Sr 
and Ca. Dilute with twice ii^ volume 
of water, add dilute HaS04 in excess 
(978), boil and filter. 

The PrecipUate is tested for Sr by moisten- 
ing it with strong HCl and examining 
the flame-ooloration (z8o) through 
indigo-prism, or the spectroaoope. 

The MUraU is examined by Column VI. 


VI. The Solution or Filtrate 
may contain Ca, Add 
A.mOH in excess, then 
add Am20304, and allow 
to stand: a white pre* 
cipitate 
Presence of Oot, 
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1035. table potassium group. 

The filtrate, which remains after all the Group -reagents 
have been added in succession to the original solution, may 
still contain Mg, K, Na, and Since, however, 

salts have been added as Group-reagents, must be tested 
for in the original substance by KHO solution ( 989 , I, 3). 
Proceed to examine for other members of Group V. as is 
directed below. 

Evaporate the filtrate from Group IV. to dryness in a 
porcelain dish, scrape out the solid residue, and heat it to 
redness upon a piece of platinum foil in the Bunsen-flame, as 
long as any white fumes are seen to be given off’ when the 
foil is removed for an instant from the flame i^Noie 1). All 
NH^-compounds are thus entirely removed. If any residue 
remains {Note 2 ), it is dissolved by boiling the foil in a test- 
tube with a small quantity of water, to which several drops 
of dilute HCl have been added. Divide this solution into 


two parts : — 


Examination fob Mg. 

Before testing for Mg in 
I one portion of this bolu- 
' tion, it IB necessarj' to 
remove from it any traces 
of Ba, Sr, or Ca which 
it may possibly contain,* 
and which might else be 
mistaken for Mg . 

Add, therefore, several 
drops of U2SO4 to the 
liquid, boil for a short 
time and let stand ; then, 
whether a piecipitate 
has formed or not, add 
a little AmCl, then 
AmHO in excess, then 
several drops of AmjC'aO^, 
and warm gently ; if any 
precipitate has formed 
proceed to Alter at once 
as quickly as possible. 
To the liquid, m which 
the addition of H3SO4, 
AmCk AmHO in excess 
and Am3C204 causes no 
further precipitate, add 
Ka«fil04, ana if no pre- 
cipitate forms at once 
warm gently, snake or 
stir the liquid violently 
and let it stand for some 
time: a white crystal- 
line precipitate shows 
iVesenee q^ifg. 


Examination fob K and Na . 

In the other portion proceed to test foi K and Na 
as directed below 'ihe piesence of Mg in no 
way inteiferea with the detection of K and Na. 
and hence if Mg has been detected its removal 
is unnecessary 

Flame coloiation — Dip into the solution a loop 
of platmum \ ire ^\hlcll has been pro>ed not 
to impart any colour to the flame Hokl the 
loop in the Biipseii flame , one of the follow- 
ing results will be observet^.— 


A bright yellow Jlame color- 
aiion, indicating thei^cscTicc 
0/ Na (Note 3 ) 

Exaniine this coloration 

through the indigo-prism ; 
if it appears re<l, presence 
of K i& proved if no red 
colour is visible K is probably 
absent, or is preseqC' only in 
very minut^quantity. 

A pale lilac 
coloration, ap- 
pearing ciiinson 
red through the 
indigo-pi isiu, 
shows — 
Presence of K, 
and absence of Na . 

It is usual to conflnn the results of the examina- 
tion of the flame coloration by pouring tlie 
remainder of the solution upon a watch glass, 
adding to it several drops of PtCl, (Ncte 4 ) 
and stirring well for some time ; the formation 
of a yellow precipitate shows : — 

Fteaenee of K. 

Bee (t4s), and Note ft, below. 


Tmm of Ba, Sr, Ca mAy remAiu unprecipitAted by AmsCOi. 
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Note 1. — If the residue is small in amount, it may be ignited in the 
dish ; but this is not to be generally recommended, since the porce- 
lain dish is liable to be cracked by the heat, and it is also difficult 
to get entirely rid of theNH 4 -salts by heating the residue in porcelain. 

Note 2 . — It is not safe to place much reliance upon an examination 
of the foil for the detection of a small quantity of residue, but it may 
usually be detected by producing a crackling noise while the foil is 
cooling immediately after its removal from the flame. Should there 
be any doubt, the foil must be boiled with water and a drop of HCl, 
and the solution examined for Mg, K, and Na, as is directed above. 

Note 3. — The examination of this flame-coloration by means of the 
spectroscope (113) will naturally suggest itself 
A yellow coloration, more or less intense, will almost always be ob- 
tained here, since most substances and reagents contain small quanti- 
ties of Na. Hence the student must note the intensity of the colora- 
tion, and judge from it whether the quantity of Na is small or large. 
The test for a trace of Na is usually made upon the original substance 
Note 4. — If iodine is present, PtCl 4 will produce an intense red 
coloration. Hence if iodine is suspected to be present, the above 
solution should be evaporated to dryness with a little strong HNO 3 , 
and the residue dissolved in a few arops of dilute HCl before it is 
tested for K with PtCi 4 , This is of course unnecessary, if the solu- 
tion has already been evaporated to dryness with HNOj before pre- 
cipitating Group III. in the General Table In case of uncertainty, 
add PtCl 4 to a drop only of the above solution , and if iodine is 
found to be present, proceed as is directed above. 

Note 5. — Mere traces of K and 'Na may be detected by adding 
PtClj, and then evaporating the liquid to dryness in a porcelain dish 
upon a water-bath Absolute alcohol is then poured into the dish 
and stirred. Any ;^llow residue shows the Presence of K, The 
solution will give the pure Na-coloralion, if Na is present . and if 
the yellow residue is filtered off and washed with absolute alcohol, 
it will yield the pure lilac flame-coloration of K. 


Examination for the Rarer Metals, and for 
Orq^^^ic Substances. 

o 

1037. Systematic Examination for the more com- 
monly occurring metals is now complete. If the Rarer 
Metals have to be looked for, attention must be paid to the 
special Tables given in paragraphs IO9O1 lOQI. 

The detection of Organic Substances is provided for in 
paragraphs IO92, seq. 
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1038. TABLE OF SOLUBILITY. 

A blank signifies that the solubility is unknown or unimportant. 



ii. 

Na 

Am 

Mg 

Ba 

Sr. 

Ca. 

Fef^. 

Fe'". 

Al. 

Cr. 

Zn. 

Ifn 

Ni. 

Co. 

Odds . . 

w. 

w. 

w. 

a 

\f 

w. 

w-a. 

a. 

a. 

ai 

ai. 

a. 

a. 

a. 

a. 

Bnlphide . . 

W. 

w. 

w 

w-a 

w 

w 

w-a 

a*- 

a. 

— 

— 

a. 

a. 

a*« 

a<M. 

Chloride . . 

W. 

w. 

w. 

w. 

w. 

w 

w 

w 

w. 

w. 

a i. 

w. 

w. 

w. 

w. 

Iodide . . . 

w. 

w 

w 

w 

w. 

w 

w. 

w 

w. 

i— 

— 

w. 

w 

— 

— 

Sulphate . . 

w. 

w. 

w 

w 

i 

i 

w-a“ -i 

w 

w. 

w 

w a 

w. 

w. 

w. 

w. 

Nitrate . . 

w. 

V. 

w. 

w 

w 

w 

w 

w. 

w. 

w 

w. 

w. 

w. 

w. 

w. 

Phosphate 

w. 

w 

w 

a 

a 

a 

a 

a 

a. 

a 

a 

a. 

a 

a. 

a. 

Carbonate 

w. 

w. 

w. 

a. 

a. 

a. 

a 

a. 

— 

— 

— 

a. 

a. 

a. 

a. 

Borate . . . 

w 

w 

w 

a. 

a. 

a 

a. 

a. 

a. 

a 

a 

a. 

a. 

a. 

a. 

Irsenite . . 

w. 

w. 

w. 

a. 

a 

a 

a. 

a 

a* 

a 

a. 

a. 

a. 

a. 

a. 

Arsenate . . 

' w. 

w 

w 

a. 

a. 

a 

a. 

a 

a. 


— 

— 

... 

a. 

a. 

Chromate . . 

w. 

w 

w 

w. 

a. 

a. 

a 

_ 

w. 

a. 

a 

w 

i 

a. 


Fluoride . . 

w 

w. 

w. 

a 

a i 

i. 

a-L 

— 

— 

— 

— 

— 

— 


... 

Oxalate . . 

w. 

w 

w. 

a 

a. 

a. 

a. 

a. 

a. 

a 

w-a 

a. 

w-a 

a. 

a. 



irr 

^ Pb 

j 

Bt. 

Cu. 

Cd. 

Sb. 

Sn". 

Sn'"'. 

AiT'. 

Ag. 

Mg'. 

Odde . . . 

a 

a* 

a. 

a. 

a. 

a*- 

a 

ai. 

wa® 

a>. 

a>* 

Sulphide . . 

a"" 

a» 

a» 

a* 

a. 

a™ 

a" 

a“ 

a* 

a*- 

a*- 

Chloride . . 

w. 

wi 

wb. 

w. 

w 

w b 

wb. 

w. 

w. 

i. 

ai. 

Iodide . . . 

a 

w a"^ 

— 

— , 

w. 

— 

w 

w 

.... 

i 

a*- 

Sulphate . . 

w b 

ai. 

W 1) 

w. 

w. 

a. 

w. 

w b. 

— 

w.a* 

w.b.a» 

Nitrate . . 

w b 

w 

w b 

w. 

w 

— - 


w 


w. 

w.b. 

Phosphate . 

a. 

a" 


a 

a 

— 

a 

— 


a* 

a* 

Carbonate . 

a. 

a"* 

a. 

a. 

a 

— 


— 

— 

a** 

a*- 

Borate . . . 

— 

a" 

a. 

a 

w a. 

— 

a. 

— 

— 


w. 

Arsenite . . 

a. 

a" 

a 

a. 

— 

a. 




a» 

a“* 

Arsenate . . 

a. 

a" 

— 

a 

.... 

a. 


— 


a«. 

a** 

Chromate . . 

w-a 

a" 1 

a. 

w. 

; ^ 

a. 




a*- 

a»* 

Fluoride . . 

w 

a 



— 

— 

— 

— 

— 


W. - 

... 

Oxalate . . | 

a 

a 

a. 

a. 

a. 

t 

a. 

a. 

w. 


a.* 

a.* 


Refer to par. 1040 . The solubility of a comp^ound is denoted by 
letters ; — • 

w. Signifies soluble in water, 
a. Soluble in the acids HCl, HNO,), and aqua regia, 
a"*. Soluble in muriatic, or hydrochloric acid. 
a°. Soluble in nitric acid. 

a"*”. Soluble in a mixture of muriatic and liitric acids, or aqua 
regia, but not in either acid separately, 
i. Insoluble in water and in acids, 
w.a. Letters thus placed together, Vith a stop between them, 
signify that in different states the substance shows the 
different solubilities denoted by the letters. 

W'B. Letters connected by a hyphen indicate that the substance is 
only slightly soluble in the first solvent, and may therefore 
partially fall under the class denoted by the second letter, 
w.b. Decomposed more or less by much water with formation of a 
basic salt, which is insoluble in water but soluble in acid. 
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EXAMINATION FOR ACID-RADICLES. 


Introductory Remarks. 

1039. In conducting the Examination for Acid-radicles, 
much time and trouble may usually be saved by considering 
which of these radicles can possibly be present. The pre- 
ceding examination will usually have limited the number 
considerably (IO41) ; but it may be further reduced by a 
consideration of the metals present and of the solubility of 
the substance under analysis, aided by a reference to the 
Table of Solubility (IO38). 

1040. Table of Solubility, — The Table on the preceding 
page has been drawn out to assist the analyst in the above 
consideration. 

Only commonly occurring compounds are contained in this 
table ; the solubility of other substances may be obtained 
bv reference to a Dictionary of Solubilities, 

The Table is thus arramjed. In a horizontal line at the 
head are placed the symjjols of the more commonly occur- 
ring metals, whicn yield salts or basic oxides. In the vertical 
column on the left is a list of that portion of the names of 
the compounds of these metals, which corresponds to the 
acid-radicle. 

To find the Solubility of a Compound of any one of the 
metals which are placed*at tho top of the Table, glance down 
the vertical column which is headed by the metal. The 
letter which indicates the solubility of the compound will be 
found in a horizontal line with the acid-radicle portion of 
the name of the compound. Thus, in order to find the 
solubility of zinc sulphate, it is only necessary to glance 
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down the vertical column with Zn at its head : on a hori- 
zontal line with sulphate stands the letter w ; this indicates 
that zinc sulphate is soluble in water. 

The Way in which this Table is icsed,sxhev the solubility of 
the substance under anal) sis has been ascertained, and after 
the metals which it contains have been detected, may be 
explained by an example. 

In a substance, which was entirely soluble in water y the 
metals K, Ba, Agwere found. A glance down the columns, 
headed by these three metals, shows at once which acid- 
radicles may be present. 

All acid- radicles might be present combined with K, since 
all its salts are soluble in water. But the presence of Ba in 
a substance which is soluble in water, shows that SO^, PO^, 
CO3, BO3, AsO^, OrO^, and F cannot be present; since these 
acid-radicles form compounds with Ba which are insoluble in 
water. Ag excludes in addition S, Cl, Br and I. Hence, 
of the more commonly occurring acid-radicles, NO3 only need 
be tested for. 

This example shows how much the examination for acid- 
radicles may often be simplified, when the metals which are 
present in a substance and the solubility of the substance 
are known. 

1041. Several Acid-radicles Vill prpbably have been 
satisfactorily tested for in the Preliminary Examinations. 
In case their reactions have been interfered with by the 
presence of other substances, the analyst should refer to the 
reactions for acid-radicles in the Fourth Section (Part III.)^ 
and select one which will be decisive. 

t 

The Examination for Metals may also have yielded proof 
of the presence of certain acid-radicles. Thus : 

A green alkaline solution, becom- 
ing purple when it is diluted or 
acidified, shows . . . . Presence of {MnO^' 
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A reddish-yellow solution, becoming 
green and depositing sulphur 
when H^S is passed, shows . 

A purple solution, becoming colour- 
less with HjjS, shows . 

A yellow precipitate of As^Sj with 
H^S, which appears only when the 
liquid is boiled, shows 

An insoluble residue of SiO^,, after 
the filtrate from the H^S-group 
has been evaporated to dryness, 
shows . . . . . 

And a yellow precipitate obtained 
with AmHMoO^, before precipi- 
tating Group III., shows . 


Presence of {CrOJ' 
Presence of (MnO^* 


Presence of (AsOf 


Prese^nce of 


Presence of {POf" 


If the presence of any of these acid-radicles has been 
detected in the above manner/ it will require no further 
confirmation. 


Of the Acid-radicles which remain to bo tested for, some 
can be detected by the plan drawn out in paragraphs IO42- 
1047, others are most easily found by applying special 
tests to tJie original substance (1048-IO56). 


GENERAL EXAMINATION FOR ACID-RADICLES. 

1042. Removal of Metals. — Before the following tests 
are applied, it is advisable to remove from the substance 
any metals, other than K, Na and NH^, which it may 
contain, since some of these might be precipitated by the re- 
agents which are added tbr the detection of the acid-radicles. 
If alkali-metals alone are present, this separation is unneces- 
sary, since they are not precipitated by any of the reagents. 

This removal of the metals may usually be effected by 
boiling a portion of the finely-powdered substance with pure 
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NajCOj-solution, which must be added to the clear solution 
as long as it causes any precipitate. The precipitated car- 
bonates are then removed by filtration, and the clear filtrate 
is divided into five equal portions. One of these portions is 
reserved in case of accident, and a second is kept for the tests 
for organic acid-radicles. The other three portions are acidi- 
fied, while they are hot, by the addition of HCl, HNO3 and 
HA respectively; they are then examined as is directed below, 
a separate part being used for each test. 

1043. Some Metals cannot be Completely Precipitated as Car- 
bonates by boiling the substance with Na 2 C 03 -solution . the presence 
of these metals in the solution is, however, frequently of no conse- 
quence. If they must be precipitated, the addition of AmgS, or the 
passage of H 2 S, will usually separate them as insoluble sulphides ; 
but the subsequent separation of the excess of AnogS or H 2 S, by 
gently warming the solution, is troublesome. 

Since the analyst knows at this stage of the analysis what metals 
are present, it should not be difficult to separate them, or to allow 
for their presence while the tests for acid-radicles are being tried. 


Special Tests for Acid-radicles in Solution. 

1044. The Three clear Acidified Portions of the Filtrate, 
obtained by boiling the substance with sodium carbonate-sofii- 
tion (1042), are tested by paragraphs IO45-IO47. Further 
special tests (1048-1056) are then tried, if necessary. 

Some general tests for organic acid-radicles will be found 
in paragraphs IIO3-II06. 


1045. 

I. Portion acidified with HCl, 

Preunt. 

On addition of BaCl, solution a white precipitate In* > 
soluble on boiling {yote 1 ) f 

On addition of BaCl2 solution, a semi-transparent ) 
precipitate insoluble on boiliiiii {yotc 2) . . ) 

On addition of AmCl aifd Am^COs, a seml-trans* ) 
parent precipitate 

On addition of FeS04 solution, a dark blue precipitate 

On addition of FeXa« solution, a dark blue precipl- ) 
tate ; FeS04 yielding a light blue precipitate , f 

On addition of FejClf solution, a red coloration. ) 
destroyed by pouring into HgCl} solution , , / 

( 804 )-^ 

(SIF.r 

( 810 ,r 

(FeCya)"' 

(FeCy*)*^ 

(cysy 
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1046. 

11 . J'ortwn acidified with Refer to {.Note i). 

rreeeiU, 


On addition of AgNOa, a pure tohUe' precipitate,) 
easily soluble in AmHO {Note 1 ) . . . .) 

Cl' 


Ou addition of AgNOg, a li^ht yellow precipitate,) i 
with difficulty soluble in AmllO . . . .) | 

Br' 


On addition of AgNOa, a yellow precipitate, almost) 
insoluble in AmilO > 

1 


Refer to (Ao'e 4 ) 

1 


1047. 

III. Portion acidified with HA 

Pretent, 


On addition of FbA^ solution a yellow) 
precipitate (^Note 5 ) ) 

(Cr04r 


On addition of CaClj solution a white gela*) 
tinous precipitate j 

probably. 


On addition of CaCl] a white pulverulent) 
precipitate jT 

(€204)", probably. 


On addition of FcjCl^ a yellowish white pre*) 
cipitate (105a, 10537 .... ) 

(P 04 y", orCAsO*)"'. 


Notes on the preceding Table. 

Note 1. Unless the NajCOj-solution, which was used in preparing 
the solution for these tests, was pure, (SO 4 ) and (Cl), if detected, 
may have been present only as impurities in the Na^COg and not in 
the original substance ; portions of the original substance should 
then be tested by paragraphs 1048 and 1049. 

Note 2 The presence of (SiFg) should be confirmed by adding 
KCl to another part of the solution (61 1), or by heating the BaSlFg 
precipitate or the original substarce with strong H0SO4 (612). 

» 

Note 3 . If AgNOg yields a black precipitate, this proves the pre- 
sence of a sulphide, or possiWy of a thiosulphate. Add HNO3 and 
boil ; the black Ag.^S will thus be decomposed, leaving a milky 
liquid, in which any other precipitate is readily seen after it has 
been coagulated by heating or shaking the liquid. 

Note 4 . It must be remembered that (Cy), (FeCy8)jv, (FeCyg)"'and 
(CyS) are also precipitated by AgNOg. Accordingly, if these acid- 
radicles have been already found, a precipitate produced by AgNOj 
does not prove the presencb of ((Jl), (Br), or (I). These acid-radicles 
must therefore be specially examined for, as is directed below. 

If chloride, bromide, and iodide have all to be tested for, a portion 


* F will be readily detected in this precipitate, or better in the 
original substance, by paragraph 1055. 
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of the NgUjCOg-solution must be examined by paragraph 572 or 573 ; 
or the precipitate obtained by AgNOg (1046) may be tested by para- 
graph 571 for Cl, Br, I. If only bromide and iodide are to be tested 
for, use paragraph 574. 

Note 5. If a white precipitate of PbS04 is produced here, it may 
be dissolved by adding AmHO in excess and warming the liquid 
(286) ; red basic lead chromate will remain, if a chromate was present. 


Further, Special Tests for Acid-Radicles. 

1048. Sulphate. — A portion of the original substance is 
boiled with HCl, and the liquid is decanted or filtered, if 
necessary, and is tested with BaCl^ ; a white precipitate 
shows the Presence of SO 

1049. Chloride. — A portion of the original substance is 
warmed with HNO3, and the solution is decanted or filtered, 
if necessary, and is tested by AgN03 > ^ 'perfectly white pre- 
cipitate, which IS easily soluble in warm AmHO, shows the 
Presence of Chloride. 

1050. Nitrate. — The clear aqueous solution or extract of 
the substance is mixed with its own volume of strong 

and the liquid is cooled. Freshly-made cold solution of 
FeSO^ is poured upon the surface of the acid liquid without 
mixing ; a brown layer or ring at the surface of contact of 
the liquids (537) shows the Presence of NO^. ^ 

Note . — If nitrite is present, it must be removed by boiling the sub. 
stance with excess of HA before the above test is applied. 

1051* Cyanide, if present, will have been detected by the 
special test (983), and by the smell of bitter almonds, given 
off by the substance after H^SO^ has been added (997, Exp. 
1). Ascertain in what form cyanogen is present by para- 
graph 1084. 

1052. Arsenate. — This acid-radicle cannot be present 
unless As has been detected during the examination for 
metals. The presence of ( AsOJ is rendered probable, by the 
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precipitation of yellow As^Sj occurring only when the acid 
liquid is boiled after it has been saturated with HjS (I0l6). 

If As has been found amongst the metals, proceed to test 
for (AsO^) by adding HCl to a portion of the NajCOj-solution 
(1042) until it is acid, then heating to expel 00^, and adding 
AmCl, AmHO in excess, and MgSO^. Filter off any pre- 
cipitate which forms on warming and shaking the liquid, 
and pour a few drops of AgNOg-solution upon the white pre- 
cipitate on the filter ; a change of colour to brown shows the 
Presence of AsO^, 

1053* Phosphate. — Boil some of the original substance 
with dilute HNO3, and add a little of the clear solution to 
some AmHMoO^-solution. Shake and stir the liquid well ; 
and if no precipitate forms, warm very gently ; a lyellow 
precipitate shows the Presence of PO^. 

If ASO4 has been detected (1052) the above test for PO4 is only 
trustworthy when the yellow precipitate has been obtained either in 
the cold, or by employing a very (jentle heat. If any doubt is felt 
concerningthe presence of P04,boil some of the substance with HgSOj 
solution (loii), and examine for PO4 after the ASO4 ha& been entirely 
separated by passing H.2S into the boiling HCl solution. A preci- 
pitate which has been obtained with AmHMo04 may be proved to 
contain phosphate by dissolving it in AmHO, adding AmCl and 
MgS04, filtering, and dropping AgjNOs-solution upon the precipitate ; 
if phosphate is present the white precipitate turns if arsenate 

is present the precipitate becomes hrown, 

1054. Borate.— Warm a portion of the substance with a 
little dilute HCl, dip* into the solution a strip of turmeric- 
paper, and dry the paper in a steam-oven or at a gentle heat. 
The change of colour of the turmeric to reddish-hrown^ which 
becomes hlue-hlack when the paper is moistened with AmHO, 
shows the Presence of BO^. 

1055. Fluoride — Pour upon a portion of the powdered 
substance, contained in a leaden cup or in a platinum crucible, 
some strong HJSO4. Coat a watch-glass with a fidm of paraffin 
wax, and trace some lines through the film with the point of 

25 
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a penknife. Place the watch-glass as a cover upon the metal 
vessel, and gently warm the vessel for about ten minutes. 
Then remove the wax. If the lines which were traced are 
etched upon the glass (6o6), the Presence of F is shown. 

If SiO^ is known to be present (984)? l^he test for fluoride 
must be made by conducting the gas, which is evolved when 
the substance is heated with strong H^SiO^, into dilute 
AmHO ; a deposit of gelatinous H^SiO^ proves the Presence 
ofF. 

1056. Sulphide. — If the presence of sulphide has been 
indicated by the tests in 992, 997, and 999, or if the presence 
of a sulphide is suspected and these tests have not indicated its 
presence, the substance may be boiled with KHO for some 
time, and alkaline PbA^-solution may be added to the clear 
liquid ; the appearance of a black precipitate or coloration 
indicates the Presence of Sulphide. 


Special Processes of Examination. 

1057. This concludes the ordinary methods of examin- 
ing a soluble substance. The remaining paragraphs of this 
Section treat of the special processes which are sometimes 
necessary for the analysis of Group III. (1058-IO66), and 
processes for the analysis of Metallic Substances (l 067 ~ 
1073), of insoluble Bodies (1074--1079), of Silicates (1080- 
1082), and of Cyanogen compounds (1083-1089). 

Tables are also appended indicating where the Barer 
Elements are detected in an ordinary analysis (1090-IO91). 

A special scheme for analysing Organic Substances is also 

inserted (1092-1106). 

A list of commonly occurring Minerals, with their chemical 
formulse, will be found in paragraph II72. 
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EEMARKS ON THE PRECIPITATION OF 
GROUP III. 

1058. Separation of Groups III.a. and III.b. — In the 
General Table (IOO7) it is assumed that, in the absence 
of phosphate, the two Sub-groups III.A. and III.b. can be 
separated from one another by adding first AmCl and then 
excess of AmHO to the solution. It is assumed that Group 
III.A. alone will be thus precipitated, and that Group III.b. 
will be afterwards precipitated by adding Am^S to the filtrate. 

It is true that AmCl entirely prevents the precipitation of 
Group III.B. by AmHO, if certain other metals are absent, 
and if the solution is kept covered from the air. But the 
members of Group III.A., if they are present in the solution 
with those of Group III.B., are precipitated by AmHO ; and 
the presence of AmCl will not prevent Mn and Zn from 
being partially precipitated with them. Small amounts of 
Mn and Zn are frequently precipitated in this way, espe- 
cially with Fe in Group III.A. 

Hence if Mn or Zn is present in small quantity only, it 
may be entirely precipitated in Group III.A. Mn is readily 
detected in the ordinary examination of this precipitate by 
Table III.A., since it yields a green mass with fused Na^CO, 
and KNO3. But if Zn has been entirely precipitated in 
Group III.A., its presence will certainly not be detected in 
Table III.A., and it may be altogether overlooked, 

1059* The method of dissolving the Group III.A. precipi- 
tate in HCl, and reprecipitating it with AmHO, to some 
extent meets this difficulty, especially if these processes are 
repeated several timei in succession. But when a precipi- 
tate is obtained in Group III.A., and traces of Mn, and more 
particularly of Zn, have to be tested for, it is preferable to 
precipitate Groups III.A. and III.B. together, by adding 
AmCl, AmHO, and Am, 8, in succession, and boiling. This 
precipitate is then examined for Groups III.A. and III.b, by 
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Table III.c. (IO63), or Table III.d. (1064); and the filtrate 
is examined for Groups I V. and V. according to the direc- 
tions in the General Table (l007)* 

It must be understood that, if no precipitate is produced 
by the addition of AmCl and AmHO, Am^S may be added 
at once. Any precipitate, which is formed, is then examined 
by Table III.b. ; since in the absence of Group III.A. the 
members of Group III.b. are not precipitated by AmHO in 
the presence of AmOl. 

1060. The Presence of (PO^) in the HCl solution, which 
has to be examined for Groups IIL, IV., and Y., involves 
no special procedure, if AmHO added after AmCl produces 
no precipitate ; since the phosphates of Groups III. and IV. 
and of Mg must be absent. If, however, a precipitate is 
formed on adding AmOl and AmHO, the directions for pre- 
cipitation, which are given at the head of Table III.p. (IC)65)> 
should be followed, and the precipitate should be examined 
by that Table. The method of examination of this precipi- 
tate may be simplified by using Table III.P, (1066). 

1061 Explanation of the Phosphate Table III. r.— The reason for 
the departure from the ordinary coursejof analysis in the above case 
is the following. The phosphates of Al, Cr, Ba, Sr, Ca and Mg are 
completely precipitated by AmHO. The phosphates of Ni, Co, Mn, 
Zn. and Fe are only partially precipitated by AmHO ; the metals are» 
however, entirely precipitated from these phosphate., by AmgSin the 
form of sulphides. Hence if the precipitates, obtained by AmHO 
and by AmgS respectively, are mixed, the whole of the metals are 
obtained in the conjoint precipitate. 

In obtaining the precipitate for Table III.p., the precipitates pro- 
duced by AmHO and by AmgS must be filtered £|,pd washed sepa- 
rately ; since phosphates of Fe, Zn, Mn, Ni and Co are converted 
by AmgS into sulphides, with formation of ammonium phosphate in 
solution. This soluble phosphate would precipitate Ba, Sr, Ca, Mg, 
as phosphates, even if they were no^ originally present in that con- 
dition. This precipitation would not only complicate the process of 
analysis, but would also render it impossible to state whether Ba, Sr, 
Ca and Mg were originally present in solution as phosphates or not. 

The phosphates bf Groups 111. and IV. and of Mg are accordingly 
first precipitated b^r AmCl and AmHO ; then any members of Group 



1061. J 


PRECIPITATION OP GROUP III. 


389 


III.B. and any remaining traces of phosphates of Group III. are 
precipitated from the filtrate by AmgS. The two precipitates are 
mixed and treated with AmgS, which will dissolve away the (PO 4 ) 
from the phosphates of Fe, Zn, Mn, Ni, Co, leaving the other phos- 
phates undecomposed. Hence, if this precipitate is filtered off and 
the filtrate is tested with AmCl, Am HO and MgS04, the formation of 
a white crystalline precipitate will indicate the presence of (PO4), and 
will indirectly establish the presence in the original precipitate of 
phosphate of some one or more of the metals Fe, Zn, Mn, Ni, Co. 

Oxalates, Borates, Fluorides, and Silicates of Ba, Sr, Ca, Mg would 
likewise be precipitated by AmHO in Group III. A. But the evapora- 
tion of the HCl-solution, after passing HgS in the General Table, 
causes H3BO3 and HF to be volatilised, and HgSiOg to become in- 
soluble. Oxalates are also decomposed by the gentle ignition of 
the solid substance which remains after evaporation. Hence the 
above salts will not be precipitated if the solution has been evapo- 
rated to dryness, and the residue has been gently ignited before 
Group III. A. is precipitated. 

The Principles on which the Method for Separating and Detecting 
the Metals, which is drawn out in Table III.p., is founded are — 

1. The insolubility of the phosphates of Al, Fe and Cr in HA in 
the presence of an alkaline acetate ; the other portions of the preci- 
pitate being soluble in the acid. 

2. The precipitation of all the (PO 4 ), which was present in the HA 

solution in combination with Ba, Sr, Ca, or Mg, by the addition of 
FeaCl, (577). ' 

3. The further* separation of the phosphates of Al, Fe and Cr is 
somewhat complicated by the fact that AIPO4 is only decomposed 
by fusion with alkaline carbonate, when SiOg is also present ; and 
this SiOg has to be removed after the fusion by methods which will 
be intelligible on reference to paragraphs 602, 599. 

An alternative and simpler method of examining a precipitate of 
Al, Fe and Cr phosphates, by fusion with KHO and KNO3, is given 
in Table III.Pi (io66). 

The Best Course ta oe rursuea m precipitating and 

examining Group III. is described in paragraph 1062. 
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RULES FOR THE PRECIPITATION AND EXAMINA- 
TION OF GROUPS m.A. AND ITI.b. 


1062. The Following Rules may be laid down for precipi- 
tating and detecting the members of Groups III.A. and III.b. 
in the HCl solution, a small portion of which has been tested 
for (POJ by AmHMoO^ (IOO7). For an explanation of 
these rules see paragraphs IO58-IO61. 

I. If the Addition of AmHO after AmCl causes no Pre- 
cipitate, the absence of Al, Fe, Cr and of their phosphates, 
as well as of phosphates of Ba, Sr, Oa and Mg, is proved. 
Am,S is then at once added, and the liquid is boiled. Any 
precipitate which forms is examined for the members of 
Group III.B. by Table III.b. (1028). This course is pursued 
even if (POJ is present, since metals of Groups III. and IV. 
and of Mg cannot be present as phosphates. 

II. If the Addition of AmHO after AmCl causes a Pre- 
cipitate and (POJ is not Piosent, Al, Fe, Cr must have 
been in solution. The plan of precipitation will in this case 
depend upon the object of the analyst. 

If small quantities of Zn need not be tested for, the method 
given in the General Table (1007) followed. 

If traces of Zn have to be tested for in the solution, add 
AmCl, then excess of AmHO aniof Am^S ; boil, filter, and 
examine the precipitate by Table III.c. (IO63) or III.d. 

(1064). 

The method described in Table III.c. gives trustworthy 
results, and is to be used for very careful analysis. The 
method in Table III.d. is, however, much more simple, and 
is sufficiently accurate for general use. 

III. If the Addition of AmHO after AmOl causes a Pre- 
cipitate, and (PO^) is Present,* the method of precipitation 
to be adopted, together with the Table for the examination 
of the Group precipitate, will be found in paragraph 1065. 

The shorter method in paragraph 1066 may be employed : 
but it gives less information as to which metals were present 
as phosphates in the original solution. 
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1063. TABLE m.o.— THE SEPARATION OF 

GROUPS m.A. AND III.B. BY BaCOg. 

The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, Co. 
Rinse it off the filter into a porcelain dish, using as little 
water as possible, add some strong HCl and boil, adding at 
intervals a small crystal of KClOg, until all is dissolved but a 
small quantity of yellow sulphur. Evaporate very nearly to 
dryness, dilute with a little water, and pour, through a filter 
if necessary, into a small flask. Cool, pour in a small quan- 
tity of BaCOg suspended in water, cork the flask tightly and 
shake well; repeat the addition of BaCOg and agitation 
until the precipitate is distinctly whitened by the excess of 
BaCOg! then shake well, cork the flask, and allow it to 
stand by for at least fifteen minutes, occasionally shaking it 
vigorously. Let the precipitate subside, filter; wash the 
precipitate with a little cold water allowing the washings to 
lun through into the filtrate, then wash thoroughly, rejecting 
the washing-water : — 


1 . Pi capitate may contain Fe, Al, 
Cr, and BaC03 ; dissolve it in as 
little boiling HCl as possible , 
remove 15 a from the boxlxwj 
solution by adding boxhna dilute 
IloSO^ gradually, until after 
allowing the precipitate to 
settle, a few additional drops 
of acid cause no further pr:- 
cipitate (Note 1, bc'ow), filter, 
add pure NaHO in excess to the 
filtrate, boil and filter . 

2 Filtrate may contain Zn, Mn, NI, Co, and 
BaCU . Remove Ba by adding to the boiling 
liquid boding dilute H2SO4 gradually, until 
the last few drops produce no further pre- 
cipitate in the clear liquid from which the 
BaS04 has been allowed to settle ; filter ; 
add pure NaHO in excess to the cold filtrate, 
stir well and filter : 

Pt capitate may contain Mn, Ni, 
Co , rinse it off the filter into 
a porcelain dish with as little 
water as possible, add some 
strong HCl and boil ; evapo- 
rate nearly to dryness, add 
a little strong solution of 
NaAto the licmid, pass HjS 
to saturation, filter . 

Filtrate pass 
H2S a white 
precipitate 
indicates 
Presence of 
Zn. 

Precxpitate: ex- 
amine for Fe 
and Cr by co- 
lumn 2 , Table 
III.A (xoa;). 

Filtrate : exa- 
mine for Al 
by Column 1 , 
Table III A 
(10*7). 



Note 1.— The separation of Ba 
may he neglected here, the preci- 
pitate being at once boiled with 
NaHO : in this case much white 
BaCOs will remain with the Fe^O. 
after fusion to separate Cr ; it will 
however dissolve with the Fe and 
will came no complication. 

• 

Px'edpitate: ex- 
amine for Ni 
and Co ac- 
cording to 
1039. 

Filtrate: add 
AmHO in 
excess ; a 
fiesh colour- 
ed precipi- 
tate shows : 

JPreeeneeofMn, 
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1064. TABLE IILd.— EOR EXAMINATION OF 
Kemove the precipitate produced hy AmCl, AmHO, and Ani^S 
pouring in dilute HCl and gently stirring and shaking the liquid : 
filter (see Note 1) 


Residw If black may 
contain NiS and CoS; 
examine it as directed 

In toag. 


Filtrate may contain Al, Fe, Cr, Zn, Mn Carefully note its 
of this observation, examine the liquid by column 1. or II. 


1 The liquid 18 perfectly colourless Absence of Cr. 

Boil the liquid in the dish for a few minutes until it no 
longer smells of then add a small crystal KClOs and 
boil down to a small bulk ; cool, add NallO in excess, stir 
well and filter ; 


Precipitate may contain Fe, 
Mn, Dry and fuse it on 
platinum foil with NajCOj 
and KNO3, u blue gicen 
mass shows : 

Presence of Mn . 

BoU the foil in a porcelain 
dish with w'ter for some 
time, and if any undis- 
solved residue is left, de- 
cant the liquid, boll the 
residue with HCl, and add 
ECyS ; a blood red colora- 
tion shows : 

Presence of Fe (Soto 4, xosy). 


Filtrate may contain Zn, Al. 
Divide into two equal parts 
(Note 2) 

Into one portion pass H 2 S ; a 
white precipitate forms at 
once 

Presence of Zn, 

To the other portion add 
AmCl in excess, and heat ; 
a colourless llocculent pre- 
cipitate 

Presence of Al. 


KoU l.—A mere milkiness, due to the separation of sulphur, shows the 
Note 2.— Al and Zn may also be detected without dividing the filtrate by 
tiowless flocculent precipitate shows J^resem of Al: this is filtered off and HjS 
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GROUPS III.A. AND Iir.B., WHEN MIXED. 

from the filter hy opening the filter out inside a porcelain dish, 

take out the filter paper, stir well, and if any black residue is left. 


colour, which is best seen by pouring it into a white porcelain dish, and according to the result 


II. Tlie liquid has a violet or bright green colour : Presence of Cr , 

Boil the liquid in the dish until is no longer smelt, drop in a small crystal of KClOt 
and boil down nearly to dryness , dilute with a little water, pour into a small flask and 
add BaCOs suspended in water gradually whilst constantly shaking the liquid until the 
excess of BaCOs whitens the precipitate, cork the flask and allow it to stand for not less 
than fifteen minutes, occasionally shaking it well; Alter, wash flrst with cold water letting 
the washings run into the flltrate, then with boiling water rejecting the washmgs : 


Precipitate may contain 
Fe, Al, Cr; examine 
it hy column 1, Table 
III 0 (lods) 

Filtrate may contain Zn, Mn , boil, and whilst boiling add 
hofiliug dilute H 2 SO 4 gradually until the last few drops 
cause no further precipitate. Alter from BaSO^ ; cool, add 
pure NaHO in excess, stir well and Alter : 


Precipitate: dry and fuse 
with NojCOs and KNO 3 on 

Flltrate: pass HjS; white 


precipitate . 


platinum foil , bluo green 
mass 

Presence of Mn . 

Presence of Zn , 


absence of Ni and Co, and does not render filtration necessary. 

adding to it HCl gradually until it becv>mes acid, then AmHO until alkaline, e 

is passed into the filtrat<^, a white piecipitate shows Prenmee of Zn , 
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1065. TABLE III.p.-FOR EXAMINATION 

If (PO4) is found in the HCl solution in the General Table 
on addition of AmCl and excess of AmHO, the liquid containing the 
washed well with hot water. To the filtrate AnijS is added in excess, 
for Groups lY. and Y. (IOO7, 1020). The two precipitates yielded by 
well with a little Am^S, then filtered, and the residue on the filter 
adding MgSO^; if this is present, Fe, Zn, Mn, Ni, Co, one or more, 
The residue left after stirring with Am^S may contain Ba, Sr, 
Cr as hydrate or phosphate. Remove it from the filter and heat 
KCIO3 occasionally, until solution is complete. Then either evaporate 
sufficient quantity to just redissolve the precipitate. Filter off S if 
as long as any precipitate is produced. Heat gently, and filter while 


Filtrate : Add Fe2Cl8(Note 2 ) drop by drop as long as a precipitate forms, and until the liquid, 
after being well stirred or shaken, remains reddish addition of FeoCle in large excess must 
be carefully avoided. Warm gently for some time, filter whilst not, and wash with hot 
water: 

Filtrate Add AmCl, AmHO m excess (Note 3 ), and Am2S filter 

Precipitate con- 
taining reP04 
may be re- 
jected. 

Filtrate : Add Am2C03 : filter : 

Precipitate: examine 
by Table III.o. or 
III D (1063, 1064) for 
Zn, Mn, Ni, Co, also 
for A 1 and Cr 

Test a portion of the 
original solution, or 
the solution of the 
f, substance in *1101, for 
Fe" and fe"' accord- 
ing to Note 4 (10x7). 

Precipitate may con- 
tain BaCO^, SrCOj, 
CaCOs Examine this 
precipitate by Table 
IV. (1031-1034) 

Ba, Sr, Ga. if found m 
this precipitate, were 
present in the solu- 
tion as phosphates 

Filtrate may contain 
Mg, after removing 
any traces of Ba. Si, 
Ca (Table 1035, x!ol 
I) add Na2HP04,‘ 
warm and shake 
well, white crystal- 
line precipitate : 

Presence of Mg a» 
phosphate 


Note 1.— An insoluble residue here may contain S,rS 04 andBaS 04 , and must 
sent originally as phosphate. 

Note 2.— A few drops of FegClj may be added to a small part only of the 
be examined at once for Groups III. and IV. And for Mg, without adding FegCle. 

Note 3.--Since this filtrate has to be tested for GroupsJII.A. and III.b., it 
analysing the precipitate by Table III.C., or by precipitating Groups IIlA* 
precipitates by Tables III.A. and III.b. ( 1027 , 1028 ). 

Note 4.--Since CrP 04 is rarely present, this precipitate may generally be tested 
may be detected by adding AmCl in excess, which gives a gelatinous precipitate ; 
and adding KCyS. An alternative method of examining this precipitate b; 
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OP PHOSPHATES IN GROUP HI. 

{1007) precipitating Groups I. and IL, and a precipitate forms 
precipitate is gently heated, filtered quickly, and the precipitate is 
and the liquid is boiled ; it is then filtered, and the filtrate is examined 
AmHO and by Amj^S are transferred to a porcelain dish and stirred 
is washed well. The filtrate should be examined for (POJ by 
must have been present as phosphate. 

Ca, Mg as phosphate; Fe, Zn, Mn, Ni, Co as sulphide; and Al, 
it with a little dilute HOI in a porcelain dish, dropping in a crystal of 
very nearly to dryness, or add AmHO in slight excess and then HCl in 
necessary {Note 1), and add a solution of HA and NaA (1162, 84 ), 
hot: — 


Precipitate may consist ot FeP 04 AIP 0 ^CrP 04 (Note 4) Dry the precipitate on the 
filter, and fuse it fora short time m ir^atmum crucible or on platinum foil \rith a 
mixture of finely powdered Si02, NagCOa, and KNOj. When cold dissolve by boilinu 
with a little distilled water, add Am 2 COs , allow to stand for a short time, 8tirriD2 
occasionally , let the piecipitate subside, filter • 

Filtrate * add HA 
until the solu- 
tion is acid, boil 
for a short time, 
then add PbAg , 
yellovi precipi- 
tate of PbCr 04 

1 Pretence of Cr, at 
phosphate. 

Note.^X white 
precipitate on 
addition of PbAg 
may be disre- 
garded 

Precipitate may contain U4S1O4, Fe and Al as silicates, and 
Fe 2 (HUk ilciUify witiiHt'i, evapoiate to dryness, and heat the 
dry residue gently W>Ym with a few diops of strong HCl, add 
hot water, and filter ; 

Filtrate, add pure NaHO in excess, boll and 
filter • 

Residue is SlOg 
and may be 
neglected. 

Filtrate : add AmCl in 
excess, boil, white, 
gelatinous prec pi- 
tate: 

Pretence of Al at 
phosphate. 

Precipitate is brown 
FeaCHOje: dissolve by 
boiling with HCl, 
and add KCyS : 
blood-red coloration : 

Presence of Fe as 
phosphate. 


be examined by the latter part of 1017 : Ba or Sr, if found here, was pre- 
filtrate and the liquid heated ; if no precipitate is produced the other portion may 

may be examined either by adding AmCl, AmHO, and AmgS together, and 
and III.B. separately by AmCl and AmHO and by AmgS, and examining the 

by boilingjt with excess of NaHO, and filtering ; AIPO4 will be in solution, and 
Fe2(HO)j will remain as a precipitate, and may be detected by dissolving in HCl 
fusion with KHO and KNOj is given in Table IILp^ (1066), 
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1066, TABLE III.Pj.— SECOND PHOSPHATE TABLE. 

Dissolve the Precipitate, which has been produced by 
the addition of AmHO in excess after AmCl ( 1007 ), in 
the least possible quantity of HCl * add to this solution a 
few drops of HA and a considerable quantity of AmA-solu- 
tion (II 61 , 54) : then add FeClj drop by drop, and with 
constant stirring, until the liquid just becomes permanently 
red in colour. 

If the liquid contains no precipitate after it has been 
mixed with a few drops of FeClg, add a small quantity 
of Am^HPO^ or Na^HPO^ (see Note^ page 397) ; and then 
stir with FeOlj, added gradually drop by drop until the 
liquid is permanently reddened. 

Now boil the turbid liquid for several minutes, and filter 
it while it is still at boiling heat (Note^ 1144 ) • — 


The Precipitate may be neglected, if the addition 
of AmA lias caused no precipitate, but a pre- 
cipitate has been pioduced by the subseijnent 
addition of FeClj, since in tins case metals of 
Group III. A must be absent. 

If, however, the addition of Am J has caused a 
piecipitate, the above precipitate which has 
been separated from the boiling liquid must be 
examined as follows — 

Diy the precipitate on the filter; then remove 
the dried particles, and heat them with a fused 
inKtiire of KHO and KNO3 on platinum foil 
Allow the fused mass to cool, boil it with wafbr, 
aud filter the solution 


The Filtrate should be free 
from phosphate, and 
should une no prcci* 
pitnto when excess of 
AmHO is added after 
AmCI. 

Examine this filtrate for 
Groups Ills, IV, V, 
accoiding to the direc- 
tions given in the General 
Table (1007). 


The Residue will 
consist of Fe20j 
and may be 
neglected, since 
FeClj has been 
added as a re 
agent, i 
Cut the nCl solu- 
tion of the orig- 
inal substance 
must be te^ed 
for Fe" and 
by adding to se- 
parate portion's 
of It fCgFeCyo 
and ECyS re- 
spectively (S087, 


The Filtrate will be yellow 
or colourless. 

If it is yellow, Cr is present , 
confirm its piesenco by 
acidifying a portion of tlie 
liquid with HAand adding 
PbA2 • a yellow precipi- 
tate shows the Presence, 
of Cr. t 

Add to the colourless fil- 
trate, or to the remaindei 
of the yellow filtiate, 
AmCl in large quantity : 
a colourless gelatinous 
precipitate shows the 
Presence of Al. 
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Note , — The addition of Am A precipitates FePO^, AlP04and CrP04 
only partially if P04is present in small quantity only, and the liquid 
is subsequently not entirely freed from PO4 by being boiled. The 
addition of the soluble phosphate renders the precipitation of FeP04 
and AIPO4 complete ; while the excess of iron, together with any 
dissolved CrP04, is completely precipitated by the subsequent boiling 
of the liquid. 


ANALYSIS OF METALS AND ALLOYS. 

1067. The metal is first reduced to powder, filings, or thin 
turnings or shavings. The following Preliminary Examina- 
tion (1068) is then made, and one of the methods described, 
in paragraphs IO69, IO70 is adopted for the full examina- 
tion. 

The First Method should be employed for the examination of a 
metal or alloy of unknown composition ; since it enables all metals 
to be detected, even when they are ^/resent in small quantity only. 

The Second Method leaves Sn, Sb, Au and Pt undissolved, while 
other metals pass into solution. 

This method is not recommended as a general one^ since the 
following complications may occur. 

As is present with Sn, a part or the whole of the As may remain 
in the residue. If Pt is present wi^h a sufficient quantity of Ag, the 
Pt may pass entirely into solutioh. 8b will always partly enter into 
solution. ^ 

The process, howe.er, is useful in cases where an alloy, which is 
known to contain a large proportion of Sn or Sb, has to be examined 
for other metals : since the other metals are dissolved away at once 
from the bulk of the Sn or Sb, and a solution is obtained which is 
better suited for general analysis. 


Preliminary Examination. 

1068. Note the General Appearance and Properties of 
the Substance, its colour, any characteristic smell which 
may be given off when it is rubbed with the hand, also 
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whether it is crystalline or not ; and whether it is attracted 
by a magnet (Fe, Ni, Co, &c.). 

Note the hardness of the metal, by seeing if it can be 
scratched or cut by a steel knife ; also whether it breaks to 
powder (brittle), or flattens out (malleable), when it is struck 
smartly with a hammer. Then try the following experi- 
ments with separate small portions of the substance : — 

I. Heat with NagCOg on charcoal in the inner blowpipe-flame 
(991, 3, and 992). 

II. Fuse into a colourless borax-bead in the outer blowpipe-flame 

(991, 2 ). 

HI. Try the flame-coloration (990). 

IV. Heat in an ignition tube, and note whether a metallic sublimate 
forms of Cd, As, or of globules of Hg ; or whether S sublimes 
from a sulphide. 

V. Combined P, As, S, and Si can frequently only be detected, after 
they have been converted into phosphate, arsenate, sulphate, 
and silicate, by dissolving the substance in strong HNO3 or 
aqua regia, or by fusing it with KNOj and Na.2C03 and then 
dissolving in water and^ acidifying with HCl . the solution is 
then tested by paragraphs 1053, 1052, 1048, and by 1017 after 
evaporation to dryness. 

VI. C from metallic carbide may remain, when the metal is dissolved 
by HCl or by CuClg- solution, as a black residue, which can be 
burnt away on platinum foil at a bright red heat (Exp. 81, 105). 
Or the carbonmay escape,duriDg solution of the metal in acv3, as 
a hydrocarbon, which pro«’uces H.2O and COg by its combustion. 

Solution and Examination «of a Metal or Alloy. 

I069* Method I. — Pour some rather dilute HCl upon the 
powdered metal in a small flask with a glass funnel in its 
neck (fig, 38, p. 61), and heat for some time just short of 
boiling. If the metal dissolves readily,' continue to heat 
until the metal is completely dissolved, and examine the 
HOI solution according to the Genisral Table ( 1007 ). 

Frequently HOI alone does not effect complete solution. 
Two or three drops of strong HNO 3 should then be poured in, 
and more HNO 3 HOI should be added occasionally when 
the action ceases or when red fumes are no longer given off* 
on heating. When the metal has entirely disappeared, add a 
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little more strong HCI and boil as long as any 01 or reddish 
fumes are given off ; then dilute with a little water, heat to 
boiling, and cool ; filter, if there is any white residue • — 


Residue i if crystalline, is piob- 
ably PbCJ2, which will dis- 
solve entirely if it is washed 
with sufficient boiling water. 

In this solution the presence 
of Pb IS confirmed by adding 
K2Cr04, which gives a yellow 
precipitate soluble in excess of 
KHO, sli owing Presence of Pb, 

If any residue is left alter washing 
well with boiling water, it is 
piobablyAgCl ; confirm tlie pre- 
sence of Ag by pouring upon the 
residue hot AmHO, it dissolves 
completely and is reprecipitated 
on adding HNO3 in excess ■ 

Piesence of Ag, 


Filtrate : dilute largely with 
cold water {Note\ and 
whether this causes a pieci- 
pitate or not, pass HgS to sat- 
uration into the cold solution ; 
examine any precipitate thus 
produced by Table II. (1024), 
and proceed to examine the fil- 
trate for Gioups III , IV., and 
V., as directed m the General 
Table (1007). 

Note , — A white precipitate, 
appealing on dilution, is due to 
the picscnce of Bi, Sb, or Su. 


1070 . Method II. — Pour upon the finel} -divided metal 
some strong HNOg,* and heat in a ^mall flai^k witha vatch- 
glass or funnel on its neck (fig. 38, p. 61), as long as any 
red fumes appear : one of two results will occur : — 


1 . 

11 . 

The Substance dissolves 
completehf, with or with- 
out addition of wc^er 
Absence of Pt, Au, Sb, 
Sn (Note 1) 

Examine the solution, 
aftei boiling nearly to 
dryness and diluting 
with water (Note 2 ), by 
the Geueul Table (xooy) 

A Residue is left : add some hot water and boil, then 
filter, ana wash the residue on the filter well with 
boiling water (Note 2). Examine the solution by I. 
The ler ’due will consist either of 

1 An Entirely Metallic or 
Black Powder, piobably Pt 
or Au Dissolve this residue 
and examine the solution as 
is diiected lu paragiaph 1073 . 

2 Or qf a White 
Powd^ contain- 
ing Sn, Sb, As, 
possibly also Pt 
and Au concealed 
in it (Note 3). 


Note 1. — The solution is liable to contain small quantities of these 
metals, which must always ]pe tested for in a careful analysis. 


* If Hg has been found in the Preliminary Examination and small 
quantities of Ag have to be tested for, the Hg should be expelled by 
heating the substance strongly in a porcelain crucible before it is 
dissolved in acid, since Hg(N 03)2 tends to prevent the precipita^on 
of Ag by HCI in Group I. 
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Note 2. — BiOCl will often be precipitated by dilution, but the pre- 
cipitate will disappear on adding HCl and boiling, and is thus easily 
distinguished from the Group I. precipitate. 

Note 3. — If much residue is obtained, a small quantity of it may 
be heated in a test-tube with HCl, adding KCIO3 * if it dissolves 
entirely, dissolve the whole of the residue, and examine the solution 
by Table II. , commencing at paragraph 1026 if it refuses to dissolve, 
proceed with the rest of the residue as is directed below. If the 
residue is small in quantity examine it at once as is directed below. 

1071. Examination of the Non-metallic Besidue In- 
soluble in HNO,j. — Dry the residue on the filter at a gentle 
heat, mix it thoroughly with about an equal quantity of 
powdered Na,C03 NaNOg, and add the mixture gradu- 
ally to some fused NaNOg contained in a porcelain crucible. 
Then pour the melted substance out into a porcelain dish ; 
allow it to cool, pour upon it cold water and let it stand for 
some time. Then crush the mass with a pestle, and stir it 
occasionally ; filter, and wash the residue on the filter with 
dilute alcohol, throwing away the washings : — 


Residue may contain Sn, Sb, Pt, Au. Place 
it in a small porcelain dish, pour in a 
little HCl and heat, then add water ; 
whether the lesidue has dissolved or not, 

S lace in the liquid a sti ip of Pt-foil and 
rop upon it a piece of pure Zn ; le- 
move the platinum strip in a fc v seconds , 
if it is stained black Sh is present. Wait 
until the evolution of H ceases, taking 
care that there is some Zn left itndis- 
solvcd, and adding more Zn if the fiist 
niece has entirely dissolved. 

The residue in the dish may consist of Sn, 
Au, and Pt ; remove the Zn, rinsing off 
any substance* adhering to itr into the 
dish; stir the liqmd in the dish well, then 
pour off the liquid, carefully leaving the 
residue ; pour in water, stir well, and 
again pour off carefully. Boil the residue 
for some time with strong HCf in a test- 
tube, ^ute, decant, add HgClj , a white 
precipitate forms : — Presence of Sn . 
Residue : dissolve by warming with HCl 
and HNOj, and examine the solution for 
Au and Pt by (X073), using only the left 
hand portion of the Table. 


Filt'i ate may contain 
(ASO4) add HNO3 
until the solution is 
acid and boil, evapo- 
rating the liquid in a 
dish if \eiy bull-y. 
Pour into half this 
solution AgNOgas long 
as it gives any precipi- 
tate, and add gradually 
AmHO diluted with 10 
or 12 times its bulk of 
water, a brown pieci- 
pitate shows — 
Presavce of As , 

To Ihe other half of the 
acid solution add 
AmHO in excess, then 
MgS04, and rub the 
inside of the vessel 
with a glass rod ; a 
white crystalline pre- 
cipitate, often appear- 
ing only after some 
time, shows : — 
Presence of As . 
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1072. Detection of An and Pt. — The Residue may contain Au, Pt, 
(Sn, Sb). Remove any fragments of Zn, boil the residue with strong 
HCl, allow to settle, and decant : — 


1073. P^sidue* ; pour upon the residue in the dish a little 
HCl, add seveial drops of HNO3, and boil gently very 
nearly to dryness , add some KOI solution and evaporate 
once more very nearly to dryness. Pour some absolute 
alcohol into the cool dish and stir well for a time, allow 
the precipitate to settle and decant the liquid, wash the 
precipitate by stiiring it with a little more alcohol and 
decant the liquid when the precipitate has settled — 

Precipitate will consist of 
yellow K2PtClo dissolve it 
in alittld boiling water, add 
several drops of HCl, then 
SnCl2 an orange red 

coloration confliins the 
Presence of Pt 

Solution will be yellow if Au 
is present evaporate on a 
water-bath, dissolve in a 
little water and add a few 
drops of freshly prepaied 
FeS04 solution a blue 
liquid ♦— 

Presence of Au 


Solutnypi ; to one 
part add HgClo 
a white preci- 
pitate — 
Freseiice qf Sn. 


In the other part 
of this solution 
immerse astiip 
of Pt and drop 
apiece of Zn on 
the Pt , a black 
stain on the Pt 
shows . — 
Presence qf Sb. 


* If Sb has not been detected already, this residue should be 
examined for Sb. Boil it once more for some time with strong HCl 
to remove all Sn, wash the residue well by decantation and boil it 
in the dish with HgT, adding a few drops of HNO.j, decant, and test 
the liquid for Sb by adding HCl j jad passing HgS : the residue is 
then examined as is directed above (1073). 



402 


ANALYSIS OF A COMPLEX 


[1074, 


EXAMINATION OF SUBSTANCES INSOLUBLE IN 
WATER AND ACIDS. 

1074 . An insoluble Substance may Consist of one or 
more of the following substances, all of which are white 
except FejOj, CrjO„ FeCr,0„ PbCrO,, S, C, native SnO, 
and CaFj, and AgCl which has been exposed to light. 

In the following list those substances which are embraced in round 
brackets ( ) may 'possibly be present, those in square brackets [ ] 

improbably ^ because they are soluble in much water. 


1 . BaSO^ 

2 . 



6 . BbQfO^ 

6. [PiCy 


7. AgQl 


8 . 


9. 

10 . KFefiif 

11. (Cr,03) 


12. FeCr^O. 

13. {BnO^ 

14. Sb^0,,Sb^04 


15. CaF^ 


16. S 

17. C 


Insoluble in water and acids. 

Insoluble „ ,, 

rNot perfectly insoluble in water, soluble in hot 
-i HCl, and should therefore pass into the acid 
L solution. 

Insoluble after being strongly heated. 

( Soluble in boiling water, and should therefore 
<! have been removed if the residue was well 
( washed with boiling water. 

{ This may have been onginally present as such, or 
may have been derived from the use of HCl in 
making the solution, or by the action of aqua 
regia on the insoluble substances AgBr, Agl, 
AgCy, AgaFeCye, Ag 4 FeCy 6 . 

Either uncom Dined, or as a silicate. 

Insoluble after being strongly ignited, but 
usually dissolved by long boiling with strong 
HCl. 

Chrome iron, ore, native. 

Native or ignited. 

I Also a few other fluorides, and some metaphos- 
i phates and arsenates. t 
Yellow, slowly soluble in strong HNO3, giving 
i red fumes, and yielding HaS 04 . 

Black, and quite insqjuble. 


If sufficient of the substance is available, the PreliminaryJExami- 
nation (1075) may be made on a portion of it. In case the^quantity 
of substance is small, however, the whole of the substance must be 
employed for the examination by fusion (1076). 
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Preliminary Examination op Insoluble Substances. 


107J The substance must be in the state of dry powder. Make a 
careful examination of it with a pocket lens. Ezpts. 1 . and IL need 
only be made if the substance is light in colour. 


Experiment. 

Observation. 

Inference. 

I Observe whether the 
substance darkens when 
allowed to stand in the 
light for some time. 

The colour changes to violet 
or black 

Presence of AgCl . 

11 . Poor a little Am^S 

upon a portion of the 
substance on a watch 
glass. 

The substance blackens ; 
pass on to III. 

Tlie substance does not 
blacken; pass on to V., 
omitting In. and IV., since 
Pb and Ag must be absent. 

Presence of Pb or Ag . 

III. Heat some of the sub- 
stance with a little water 
and a small piece of KCy ; 
filter off, keeping the 
residue; to the filtrate 
add AmjS . 

A brownish precipitate. 

Presence of AgCl . 

Cojifif. On warming some 
of the substance witlik 
AmHO, filtering, and i 
adding excess of HNO3 1 
to the filtrate, a white 
precipitate forms, 
which, when shaken 
well or heated, coagu- 
lates into flocks. 

IV. Wash the residue from 
Exp. III. well upon the 
filter 

a. Itii tohite; drop Am2S 
upon it. 

b. It is dark coloured : add 
water and HgT, and boil 
after adding AmHO in 
excess; filter, to the fil- 
trate add HX in excess 
and K2Cr04 . 

The residue blackens. 

A yeilow precipitate, soluble 
inKHO. 

Presence of PbSOi or 
PbCl,. 

Presence of PbSO* or 
PbClg. 

V. Take up some of the 
substance upon a mois- 
tened loop of platinum 
wire ; heax it for a short 
time in the inner blow- 
pipe flame, then moisten 
with a drop of strong 
HCl, and hold in the 
outer part of a Bunsen 
flame. 

1 A reddish yellow coloration, 
dusky green when seen 
through the indigo prism. 

A crimson red coloration ap- 
pearing deep red through 
the indigo prism. 

A vellomsh green coloration. 

These colorations may often 
be seen 4 n succession and 
fuither distinguished by the 
spectroscope. 

Presence of Csn 

1 as 

Prewnw oJ Sr polpl"**. 
Presence of Ba ) 

VI. Heat in a small test - 1 
tube or ignition-tube, then 
strongly on a piece of 
’ porcelain or broken glass, 
or on platinum foil. 

A yellow sublimate forms on 
the sides of tube. 

When strongly heated the 
substance smoulders, and 
ultimately burns away. 

Presence of S. t 

Presence of C. 














404 


ANALYSIS OF A COMPLEX 


[1076, 


Experiment. 

1 

Observation. j Inference. 

VII. Heat with strong 
II2SO4 In a platinum cru- 
cible or leaden cup co- 
vered with a watch glass 
(606) or if a silicate is pre- 
sent examine by passing 
the gas into AmHO (607) 

The glass is etched. 

A gelatinous precipitate is 
obtained m the AmHO 

1 ; 

Piesencc ot ^ 

Presence of F. 


VIII Fuse some of the 
substance in a bead of 
NuAmHP04, hist in the 
outer then in the inner 
blowpipe flame. 


Particles are seen floating 
undissolved in the melted 
bead 

Green coloured bead. 

Reddish brown liead, coloui - 
loss when cold, and be- 
coming greenish in the 
inner flame 


Presence of SiOj. 
Presence of Ci . 


Presence of Fo . 


Examination of Insoluble Substances. 

1076. Treatment of the Substance with fused Alkaline 
carbonate (106, Exp. 84 ). — Free the substance, if necessary 
(1075, YI.), from free S or 0 by igniting it strongly in an 
open porcelain crucible. Mix the finely-powdered substance 
with five or six times its volume of fusion-mixture, NaO^O, + 
KjCOg, and heat the mixture in a small covered porcelain 
crucible over the Bunsen-flame (fig. 80 ) until it melts. It 
will sometimes be necessary to employ the blowpipe-flame in 
order to fuse the mass. Keep the mixture in the fused con-* 
dition for at least ten minutes, and then allow the crucible 
to cool. 

A Platinum Crucible is preferable to a porcelain crucible for this 
process, since, after the mixture has been fused in porcelain, small 
quantities of AI 2 O 3 and SiOg will always be introduced, owing to the 
action of the alkaline carbonates upon the glaze of the porcelain 

If Pb and Ag have been proved to be absent by the Preliminary 
tests ( 1075 , II.), or if they have been removed by boiling the sub- 
stance first with KCy -solution, and then, with HjjT and excess of 
AmHO and washing well, a platinuni crucible may be used. 

The Form of Pipe-clay triangle, which is shown in fig. 81, is 
recommended for supporting the crucible, since the prominences on 
its sides enable the fiame to reach the sides of the crucible. 

A Gas Blowpipe will be found convenient for fusing the mixture : 
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see fig. 10 (7), figs. 82, 83 (1118) ; the petroleum or spirit blowpipe 
shown in fig. 85 ( 1119 ) also serves the purpose well. 

Now pour some water into the crucible, and either allow 
it to stand, or boil the liquid, until the solid mass is loosened 
from the crucible. Boil this mass in a porcelain dish with 
distilled water, crushing it by pressure with a pestle if it 
does not quickly fall to pieces. 

Allow the residue to settle, pour off the solution through 


Fig. 80. 



Treatment with Fused Alkaline 
Carbonates. 


a filter, and boil the residue with a little more water ; pour 
off through the same filter, Adding this filtrate to the former 
one. 

The examination oP the undissolved residue is described 
in paragraph I 077 > filtrate in paragraph 

1078. 

1077. Insoluble Eesidue on the Filter. — Wash the 
residue well with boiling water, then make a hole in the 
bottom of the filter, and rinse the residue through into a test- 
tube by pouring upon it a Jittle boiling dilute HCl {Note 1 ). 
The residue will dissolve entirely when it is heated with the 
acid, if the fusion has been continued sufficiently long {Note 
2). Filter, if necessary^ and examine the solution by the 
General Table (l007)> bearing in mind that only the metals 
in paragraph 1074 are likely to be present {Note 3). 
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Note 1. — If Ag and PD are known to be present by the Preliminary 
Examination (1075, IL), dilute HNO3 must be used, instead of HCl, 
for dissolving the residue. 

If effervescence is produced by the action of the acid upon the 
residue, the presence of Ba, Sr, Ca, or Mg is proved. 

Note 2. — A Residue Insoluble in Acid should be finely powdered 
and then treated once more with fresh fusion-mixture ( 1076). If it 
consists of chrome iron ore, it may be dissolved by heating it with 
HNO3 and KCIO3. 

Note 3. — The Solution should be Evaporated quite to Dryness 
before Group III. is precipitated, and a water-bath should be used 
towards the end of the evaporation if the substance spirts. 

The use of a water-bath is usually necessary if B1O2 is present in 
the substance, since silicic acid may pass into the solution, and if it 
is not completely separated by the process of evaporation (599), its 
presence may give rise to complications in the analysis. 

1078. Aqueous Solution of the Fused Mass — Divide 
this solution into two parts, (a) and (b). 

(a) Add HCl to one part until the liquid is distinctly 
acid, and evaporate in a porcelain dish to dryness, finishing 
the process on a water-bath, if necessary, to avoid spirting. 
Then continue to heat the dish gently over the flame or upon 
a sand-bath until the residue is quite dry. Pour in a little 
strong HOI and warm, dilute and heat again ; an insoluble 
residue shows : — Presence of SiOj,. 

Filter off SiOj if necessary, and examine the filtrate by 
the General Table (IOO7). A 1 may be found here, but other 
metals, such as Or, Mn, Zn, Sn, Sb, Cu, As, should also be 
tested for, since their oxides are soluble in alkalis, and may 
therefore pass into this solution. 

(b) Test separate portions of the other part of the aqueous 
solution for the following acid-ra^icles^as is described below. 
Unless the fusion-mixture employed was free from chloride, 
sulphate and phosphate, the tests for these acid-radicles may 
be of little value. 

Obloride: acidify with HNO3 and add AgNOg ; white precipitate, 
easily soluble in AmHO. 
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Sulphate : acidify with HGl and add BaClg ; white precipitate 
insoluble on boiling. 

Chromate : acidify with HA and add Pb"A2 ; yellow precipitate 
A chromate is also seen by the yellow colour of the solution. Cr 
thus detected may have been present acting as a metal or as a con- 
stituent of the chromate acid-radicle {yote 3 , 1027). 

Phosphate : acidify with HNOj, add a few drops to some AmHMoO 
solution, and warm gently ; a yellow precipitate forme, often only 
after a time or when the liquid is gently heated. 

If As has been found when H2S was passed into the hot IICl solu- 
tion, the presence of (PO4) must be confirmed in a portion of the 
filtrate from which the As has been completely precipitated (1053), 
else the above yellow precipitate may have been due to (AsOJ. 

Fluoride: add HCl in excess to a part of the solution, stir well, 
and let stand until the C02has escaped ; then add AmHO in excess, 
then CaClg as long as it produces any precipitate, and let stand for 
a time. 

Filter off and dry any precipitate which forms, and pour strong 
H2SO4 upon it in a platinum crucible covered with a suitably pre- 
pared watch-glass (606). 

1079. E2:ammation for Na and K. — Since Na and K 
have been introduced into the substance by the fusion 
mixture, these metals cannot be tested for in the aqueous 
solution obtained after fusion. 

Unless the analyst is sat^fiedthat the spectroscopic test, 
made with the special precautions mentioned in paragraph 
is conclusive, he should proceed to examine the sub- 
stance for Na and K by paragraph 1081. 

The simpler method of examination by paragraph 1082 
may be employed if the substance is a silicate : and if K and 
Na are present in a condition in which they are insoluble in 
acids, they will usually be contained in a complex silicate. 
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ANALYSIS OF SILICATES. 

1080. The Presence of Silica in a substance will have 
been shown by the special test (984) or by VIII. in para- 
graph 1075. 

When silica has been found it becomes necessary to 
examine the substance for all metals, since many silicates, 
which are soluble when they are alone, become insoluble 
when they are mixed or combined with other insoluble 
silicates. 

Many silicates may be entirely decomposed by heating 
them for some time with strong HCl just short of boiling. 
If the decomposition has been complete, only a colourless 
residue of silicic acid will remain. This may be identified 
by its insolubility in fused microcosmic salt (600), and by 
causing effervescence when it is fused into a bead of Na^COg 
(601). 

If it is found that the silicate is not completely decomposed 
by hot strong HCl, it should be treated with fused alkaline 
carbonates, as is directed in paragraphs IO76, et seq. In the 
examination which follows the fusion, it must be remem- 
bered, however, that all metals may be present. The metals 
Na and K must be tested for snecially by paragraph 1081 or 

1082. 

Examination for Na and K in an Insolu*ble Substance. 

Since Na and K cannot be tested for in the solution which 
is obtained after fusion with alkaline carbonates (IO76), a 
separate portion of the original substance must be examined 
for these metals by one of the two following processes. 
The materials which are used in the ^esta must be perfectly 
free from K and Na. * 

1081. Decomposition by means of CaO. — The finely - 
powdered substance is mixed with its own weight of sublimed 
and crystallised NH^Cl in powder, and with eight times its 
weight of pure OaCOg (see next page). The mixture is gently 
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heated in a platinum crucible for a few minutes, and is 
finally kept at a bright red heat for twenty or thirty minutes. 
The mass will not fuse as a whole, but sufficient CaO will be 
dissolved by the fused CaClg, and thus be brought into 
contact with the silicates, to secure their decomposition. 

The cool substance is turned out of the crucible if possible, 
and is boiled with water for some time after it has crumbled 
by the slaking of the CaO. The liquid is then filtered, and 
Am^COg-solution is added to the filtrate until it causes no 
further precipitate of CaCOj. The filtrate from this precipi- 
tate is evaporated considerably, and is then freed from traces 
of Ca by the addition of Am^C^O^. The clear solution will 
now contain chlorides of K, Na, Li, if these metals were 
present in the original substance. They may be tested for 
by the right-hand side of Table V. (IO35), spec- 

troscope (II3). 

The Pure CaCO.}, which is required for the above process, is pre- 
pared by dissolving marble in HCl, ^nd adding powdered marble in 
excess and warming. The solution is then mixed with lime-water 
or milk of lime until it is alkaline in reaction ; magnesium, calcium 
phosphate, and iron are thus precipitated. This solution is heated 
to about 75° C., and warm Am 2 C 03 -solution is added until it causes 
no further precipitate. The precipitated CaCOj is filtered off, and 
is washed well on the filter. 

> 

1082. Decomposition by. means of HF. — The finely- 
powdered subsjfcance is evaporated several times in a 
platinum dish or urucible either with hydrofluoric acid and 
subsequently with strong or with five times its 

weight of finely-powdered calcium fluoride mixed into a 
paste with strong 

In either case ^the mass is finally heated until no more 
white fumes are evolved. The cool residue is then boiled 
with water ; BaCljj-solutkm is^dded as long as it causes any 
precipitate ; then AmHO is added in excess, and Am^COj 
solution is poured in as long as it causes any precipitate. 

The precipitate is filtered off, and the filtrate is examined 
for K and Na by Table V. (1035), ^y spectroscope 
( 113 )- 
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ANALYSIS OF SUBSTANCES CONTAINING 
CYANOGEN. 

1083. If the substance to be analysed is found to contain 
cyanogen (983), the usual course of analysis must frequently 
be somewhat modified, since the presence of cyanogen might 
otherwise produce confusing results. 

The cyanogen may be present as cyanide, sulphocyanide, 
ferrocyanide, ferricyanide, cobalticyanide, and rarely as a 
manganocyanide or chromicyanide. It is necessary first to 
ascertain in what form the cyanogen occurs, by trying the 
following preliminary experiments on a small portion of the 
substance. The subsequent procedure is explained in para- 
graphs 1085-1089. 


Preliminaly Examination. 

1084. Boil a portion of the substance for several minutes 
with KHO-solution. Then add Naj^COj-solution as long as 
it causes any precipitate, and boil again for several minutes. 
Filter, make the cold filtrate just acid with HCl, filter if 
necessary, and test separate portions as follows : — 


Reagent added. 

Result. 

Inference. 

1. FeS04 solution, freshly pre- 
pared .... 

j Blue precipitate . . 

1 White precipitate . 

Presence of ferro- or 
ferricyanide. 

Probable presence of 
cobalticyanide. 

Z re 2 Cld solution . 

/ Blue precipitate . 

\ Blood-red coloration 

^Presence of (FeCygy^ 
Presence of (CyS)'. 

8. Add ZnS04 solution as long 
as it causes any precipitate 

The precipitate produced by 
ZqSO. should be filtered off 
and fused into a colourless 
borax bead. 

( Light brou^n precl- ) 

•{ pitate ( . f 

(Whitopiecipitate . 

} A blue bead is pro- \ 
f duced . . j 

Presence of (FeCyey". 
Presence of (FeCy 6 y% 
(CoCyeX". 

Presence of (CoCyeX". 


10^5. If Cyanide only is Present, the ordinary course of 
analyse is pursued, but it will be necessary to remove HOy 
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by boiling the solution for some time after adding an acid 

(looi, 1007). 

1086. If Sulphocyanide only is Found by the prelimi- 
nary tests (1084), may usually be decomposed in the portion 
of the substance which is to be examined for metals, by 
pouring upon it some strong HNO3 in a porcelain dish and 
boiling down nearly to dryness. The liquid is then diluted 
and boiled, and may be considered as Solution III. (lOOl); 
any undissolved residue being treated as is there directed. 

The less simple methods in paragraph 1088 may also be 
employed. 

1087. If the Presence of Ferro-, Ferri-, Cobalti-, Chromi-, 
or Mangano-cyanide has been proved by the preliminary 
tests (1084), two methods of procedure are open to the 
analyst. 

Either the cyanogen may be removed from the substance 
before commencing the analysis (1088) ; or the substance 
may be examined without any such preliminary treatment 

(1089). 

The advantage of employing the more complicated method 
(1089) is that it enables the analyst to decide whether the 
metals are present in cyanogen acid-radicles or not. It also 
yields a more precise knowledge of the constitution of the 
substance. 

) 

1088. Method 1 . — The Eemoval of the Cyanogen from 
the Substance may be effected by either of the following 
processes. The substance may then be examined for metals 
in the usual way. 

1 . Pour upon the powdered substance strong H^SO^ in a 
porcelain crucible, evaporate to dryness and ignite the residue 
strongly. When the residue ik cold, dissolve it by heating 
it with a little strong HCl, then adding water and heating 
again. 

2. Fuse the substance in a porcelain crucible with three or 
four times its weight of a mixture of three parts of Am,S04 
and one part of AmNOj. 
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Method II 

1089. substance with water, filter, and wash the residue 


FUtrate' examine this 
for metals, more 
especially the alkalis, 
and for acid-radicles 
according to the 
directions given for 
analysing a liquid 
(9W) 

The acid • radicles 
should be first tested 
for in a portion of 
the solution, and if 
(l!'eCy6)iv, (FeCye)'", 
(CoCyft)'", one 01 
more be found, the 
solution must be 
evaporated to diy- 
ness withHNOa, and 
the residue strongly 
heated (Gencial 
Table 1007) after 
filtering fioin tlic 
H2S precipitate, lu 
order to desti oy 
these cyanogen indi- 
cles The fe, Co, 
&c , in the cyanogen 
acid-radicles will 
then be detected in 
the General Table 
(*007). 


Residue boil with KIIO solution for several minutes, then add 
and boil again , filter and wash the residue 


Filtrate, pass and If it causes any precipitate continue 
KHO*, heat and filter 


Precipitate: wash well with boiling 
water, and boil the precipitate with 
strong HNOj, a black lesidue of 
UgS may remain, filter this off 
after diluting the acid, and confirm 
the presence of Hg in the precipi- 
tate by heating it with Na2CI03 in 
a bulb-tube <*82) 

The filtrate (or solution if HgS Is 
absent) is evaporated to dryness, 
the residue is then dissolved in a 
little hot strong JICl, the solution 
is much diluted, satuiated Avith 
HoS, and filtered 


Precipitate exa- 
mine for Pb and 
Cu by Table II 
(loas). 


Filtrate add 
AmCl.AmHO 
in excess, and 
Am23, and 
examine for 
Zn, Mn, Ni. 
Co, &c (1064) 


Filtrate: add dilute 
saturation and filter 


Precipitate • boil with 
KHO, filter off any 
black precipitate 
and examine it for 
Hg by heating it 
with NajCOi in a 
bulb-tube (28a). 

Add to the filtrate or 
solution HGl until 
it is acid, pass 
to saturation, and 
examine for As, Sb, 
Sn, fPt, Au), by 
Table II , commenc- 
ing at load. 


* If HjS causes a precipitate, NallS or KRS may be added, drop b) 
filtmije ; Una may be done mstead ot passing HjS to saturation and then 
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(Fresenius). 

with boiling water, adding the washings to the filtrate. 


>ioine NaoCOs solution as long as it causes any precipitate m the solution or the filtrate, 


to pass the gas until the liquid is saturated, then add more 


IINO 3 giadually until the liquid is just acid, pass H 2 S to 


Filtrate: Divide into two parts, a, /3 — • 


Residue dissolve and 
examine for metals 
in the usual manner 

(X007) 

Pe. Co, Mn, Cr, if 
found in this resuiue, 
were not present in 
cyanogen acid-radicles 


ff. Examine for acid radi* 
cles in the usual way, 
testing for (CoCya)'" 
by adding excess of 
Z 11 SO 4 , filteiing and try- 
ing whether the precipi- 
tate gives a blue bead 
with borax. 


/3. Evaporate to dryness and fuse 
the residue : when cold boil it 
with water and filter 


Residue: dis- 
solve in HCl, 
and test for 
Al, Fe, Mn, 
Co (1064) , the 
last three if 
found were 
present as 
cyan 0 gen 
acid-radicles. 


Filtrate aci- 
dify a portion 
if yellow, 
with HA and 


add PbAa, a 
yellQw preci- 
pitate shows 
fCr 04 )", the 
Cr having 
been present 
as cyanogen 
acid-radicle. 

Test another 
part for Al by 
adding HCl 


in excess, 
tLliU AmHO 
, in excess. 


drop, until it no longer gives any precipitate in the liquid or in the 
addmg EHO. 
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1090. GENERAL GROUP TABLE FOR 


Group J.— Reagent llCl. 


The Group Pp may contain in addi- 
tion to AgClt Eg^Cl^PbCh 
TlCl {white). 

E^WOa „ ) 

TlCl will usually be readily detected 
by a spectroscopic examination of 
the group pp. It may be removed 
from the group pp. by boiling 
with a little water, and pp 4 from 
the cold filtrate by El (Pb is also 
thus pp**-): the pp is yellow, and 
£^ves the thallium spectrum. 

E2WO4: a white pp. becoming yellow 
on boiling. Its presence is con* 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep blue colour will be 
obtained. 

Also by fusion of the pp. in a 
microcosmio bead, which will be 
eolourleet or ydlow in the outer 
flame, blue (or with FeSOi, bloodjc 
red) in the inner flame. * 


Group JJ.— Reagent H2S. 


The Group Pp may contain as sulphides, in 
addition to Eg, Pb, Bi, Cu, Cd 


Pd (hlachbroicn) 

Tl (black) 

[Os, 

And %n addition to SnS, SnS2, Sb^St, A823i, 
Au^Si, PtS2 

[/r-sulphide*] 

M0‘ „ (broton 

Se- „ (red-yellow) 

Te- „ (black) 


Insoluble in 
Am2S. 


Soluble in 
Am2S. 


The yellow colour of a solution containing V 
IS changed to blue by H2S . 


Tl is readily found by the spectroscope in the 
group pp. 

Pd will remain in solution in excess of AmHO 
with Cd and Cu m Table II. A : from this solution 
it is pp<>- by adding HCl : its presence may be 
further confirmed by the HgCy^ or El tests 
( 350 , 35*X 

The examination of the sulphides in Group II.B 
when the above elements may be present is best 
commenced by fusion with Na^COa and KaNOf^. 
From the fused mass, water dissolves sodium- 
arsenate, -molybdate, -selenate, and -tellurate. 
leaving Sn 02 , sodium-antimonate, Au, Pt, and 
Ir undissolved ; the elements may vLien be de- 
tected by special tests. For the separation and 
detection of the platinum metals a special work 
must be consulted. 

* Only com^etily pp** if the liquid has been 

warmed, and R2S passed for a long time. 
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PRECIPITATION OF RARER ELEMENTS. 


Qtmp III —Reagents AmCl, 
AmHO, and AnisS. 

Precipitated from the 
filtrate from Group III. by 
excess of HCl. 

Group r. 

The Grmp Pp map contain 
a» mlphidet, in addition to 
Fe, Zn, Mn, N%, Co.— 

JT {black brown.) 

;; S 

And ai hydratei in addition 
to Al, Or (and phosphates, 
<fec. .)— 

Ti {white, docculent.) 

Be {colourless, gelatinous). 

u „ ] 

[Ta, No, Ce, La, Ih, T, E, 
Th] 

Tl and In will usually be 
readily detected by a spec- 
troscopic examination of the 
pp. 

Tl may be first separated and 
detected by dissolving some 
of the group pp. in boiling 
dilute HCl, and reducing 
any Fe present in the solu- 
tion by HjSOj ; then pre- 
cipitating Tl by addition of 
KI. and testing the pp. by 
the spectroscope. 

A more vomplete scheme for 
the analysis of this group 
pp. will be found in par. 
X091. 

As sulphides:— ‘ 

V {black). 

TT (trace, brown). 

Ni (trace, black). 

This pp. is dried and then 
fused with a mixture of 
Na-COs and KNO*: on 
boiling the mass with 
water, NiO remains undis- 
solved; It is filtered off, 
and its presence con- 
firmed by fusion in a 
borax bead. 

The aq^ueous solution may 
contain alkaline vanadate 
and tungstate. V is sepa- 
rated by saturating the 
liquid with AmCl, and its 
presence confirmed in the 
pp, by the bor^x bead, 
and by dissolving the pp. 
in HCl and employing the 
reactions with and 

with Zn (S75, 873) 

The filtrate, after concen- 
tration if necessary, is 
acidifled with HCl, and 
the presence of W con- 
firmed by the 7n reaction 
and A the microcosmic 
bead (397, i^oo). 

The filtrate, after the separa- 
tion of all the group pre- 
cipitates, may contain be- 
sides Mg, K, and Na 

if, Cs, Rb. 

These metals are readily de- 
tected by their very char- 
acteristic spectra (1x6). 

LiCl may also be detected by 
Its behaviour with HajHfOv 

Before proceeding to the spec- 
troscopic examination, it is 
well tu convert the metals 
into chlorides if they are 
not already in that form. 

If the chlorides are evaporated 
to dryness and extracted 
with absolute ether and 
alcohol, to which a few 
drops of HCl have been 
added, liCl, EbCl, CsQ dis- 
solve, whilst the greater part 
of the ECl and NaCl re- 
mains undissolved. 

The solution is evaporated to 
dryness, dissolved in a little 
HCl, and Rb and Cs are pp<>- 
by PtCli • this pp. is boued 
with small quantities of! 
water until it no longer 
gives the K spectrum, ^0 
spectra of Rb and Cs will 
then be seen, if present. 
Li is found in the filtrate 
from the PtCl4 precipitate 
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IO91.—TABLE FOR Analysis op Group III. Precipitate, 
The precipitate may contain Fe, U, In, Tl, Al, Or, Zii, 


After a preliminary spectroscopic examination has been made of a small portion of the 
the General Table (1090), the group pp. is dried and fused in platinum with KIISO4 for 
long time with cold water:— 


Residue, may con- 
tain Ta^Oj, NI)20 s, 
also SiO^, and traces 
of Fe and Cr which 
have escaped solu- 
tion By fusion with 
KClOj and NaHO, 
Cr and Si are ren- 
dered soluble ill 
dilute NaHO; from 
the residue, in- 
soluble in NaHO, 
TojOj and NbjO^ 
may be removed by 
washing with dilute 
NagCOi solution. 


Solution reduce Fe by adding H^SOs in excess, dilute coiisider- 
covering the vessel, and by passing a stream of CO2 


Pp. may consist 
of T1O2, pos- 

Fdtrate : add a few drops of strong HNOa, 
and precipitate once more by adding excess 

ofZr. 

Pp. may contain Fe, In, U, Cr, Al, Be, Ac, 

sence of T1O2 
by the micro- 
cosmio bead 
(a 67 ). 

! 

Pp. may contain Fe, In, U, &c Dissolve 
large excess of HCl, add BaCO,, and let 

Pp. may contain Fe, In, 
U, also traces of Al 
and Cr. 

It is dissolved in HCl, 
and NaHCOs is added 
in excess, whereby U 
alone is obtained in 

Filtratem&y contain 

Th. Ba is ppi*- by 
n^SO^, the liquid 
exactly neutralised 
of K3SO4 are added, 
allowed to stand for 
pp. IS washed with 


solution. 

In IS found by the spec- 
troscope : 

Or by fusion with 
NRjCO, and ECIO3 . 

! 

Pp may contain Zr, 
Til, Ce. 

Til and Ce are dis- 
solved away by 
boiling with dilute 
HCl, and are repp^ 
by AmHO. 
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WHEN THE EaEER ELEMENTS MAT BE PRESENT. 

Mn, m, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th], 


pp. for Tl and In, and Tl has been further tested for, if necessary, by KI as directed in 
some time, the cold mass is then powdered and allowed to stand, with shaking, for a 

ably and boil for a long time, preserving the liquid from omdation by the air by 
unless it smells constantly of SO^ 

concentrate by evaporation, and add AraHO in excess : filter, dissolve the pp. m HCl, 
of AmHO 

Dissolve it in HCl, and add excess of cold strong KHO solution | 

Filtrate may 
contain .— 

Zn. Mn,Hi.Co. 

1 

in HCl, boil off any 
stand:— 

Filtrate may contain Al, Cr, Be : dilute and 
boil for some time, filter. Al remains in sulu* 
tion, and may be pp**- by adding HCl just in 
excess, then AmHO m excess. 

Cr and Be are separated by fusion with Na^COs 
and KClOg, dissolving in water and pps, Be 
by adding HKO| in excess, then Aj^O in 
excess. 

1 

Zr, Ce, La, Di, V, IS, 
adding excess of 
is concentrated and 
with KHO. Crystals 
and the liquid is 
some hours The 
K3SO4 solution. 


Sol*> may contain 
Y, E, also Be. 

The solution Is 
pp^ by AmHO. 
and Be dissolved 
away from U by 
H1C1O4. 
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GENERAL METHODS FOR DETECTING 
ORGANIC SUBSTANCES. 


The constituent elements of an organic substance may be detected 
by the processes mentioned in paragraphs 631-643. 

In the following scheme provision is made for detecting the organic 
substances whose reactions are given in paragraphs 647-892. 


I NTRODUCTORY HeM A RK S . 

1092. The Detection and Identification of an Organic 
Substance is usually more difficult than the detection of an 
inorganic substance. This is especially the case when a 
mixture of organic substances has to be dealt with. 

Since no complete scheme of separation is possible, recourse 
must be had to several partial separations, such as the pre- 
cipitation of one or more of the substances in an insoluble 
form, or the use of a suitable liquid which is a solvent for 
certain substances but not for others. Sometimes the sub- 
stances may be separated by the application of heat, the more 
volatile substance passing off as vapour and leaving the non- 
volatile body behind : or by fractional distillation (646a). 

The suggestions and Tables which are given below 
include : — (1) The preliminary tests such as the action of 
heat, acids and other reagents; (2) the identification of 
the elements present; (3) the i4entification of the com- 
pounds by their special properties. 

It should be remembered that the student must be 
familiar with the reactions and properties of organic 
bodies given in pars. 647-892 before he can apply these 
as tests. 



1093 , 1094 .] 


OP OROANIC SUBSTANCES. 


419 


SCHEME FOR THE DETECTION OF ORGANIC 
SUBSTANCES. 


Preliminary Examination. 

1093. Notice the Physical Properties of the Substance, 

such as its colour and smell ; also whether it is solid or 
liquid, and, if solid, whether it is amorphous or crystalline. 
The determination of the solubility in various reagents 
(1098), and of the melting-point (645), boiling-point (646), 
and specific gravity (644), is often of great assistance. 

Note also whether the substance or its solution is acid to 
litmus. Acid reaction usually indicates the presence of 
salts of certain bases, e.^., urea nitrate • esters also usually 
contain free acid. 

1094. Ascertain what Changes the Substance undergoes 
when it is Heated, whether it is volatile or fusible, and 
whether any gases or vapours are evolved. 

The test is made by heating a small quantity of the 
substance in a test-tube, so as to prevent any considerable 
change from oxidation occurring by free contact with air. 
The results which may be obtained are tabulated on the 
following page. 

It is well to repeat this test by heating the substance to a 
high temperature in free contact with the air (IO95). The 
result thus obtained indicates whether any non-volatile and 
incombustible substance is present, since this will remain as 
a residue. This residue will Jusually consist of metal, either 
free or as oxide or carbonate ; and the examination for the 
metal is easily effected by applying the ordinary analytical 
methods to this residue. 
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Epfect of Heating the Substance in a 
Test-tube. 


( Result. 

Observation. 

Inference. 

ft. The substance 
▼oiatilises leav- 
ing no residue. 

The vapour is non-inflammable. 

The vapour bums with a pale blue 
flame 

The vapour burns with a blue flame. 

The vapour bums with a pale blue 
flame ; slight chaiiing occurs 

The vapour burns with a smoky 
flame. 

The vapour bums with a luminous 
flame. 

The vapour is acid and pungent 
and inflammable 

Chloroform. 

Alcohol, aldehyde 
Chloral, carbon 
disulphide 

Glycerol. 

Aniline, benzene, 
turpentine 

Ether, ethyl ace- 
tate, bensaldehyde, 
ur nitrobenzene 
Formic acid, or 
.acetic acid. 

b The substance 
fuses, and vola- 
tilises without 
residue 

The vapour bums with a smoky 
flame 

NH3 is smelt 

Pungent fumes yielding a white sub- 
limate. 

Pungent fumes, but ning with a smoky 
flame; and sublimate foimed 

A slight explosion. 

Phenol 

Urea. 

Oxalic acid, ur 
succinic acid. 

Benzoic acid, 

Piciic acid 

c. The substance 
fuses and chars. 

It chars slowly, evolving CO, &c 

It chars slowly, evoUing acetone 

It emits a smell of charred sugar. 

It emits a smell of t^urnt wool, and 
NH3 

It evolves phenol, whieti burns with 
a smoky flame. c 

Violet vapour of I. 

White crystalline sublimate. 

Fonnate. 

Acetate. 

Tartaric add, cit- 
ric acid, malic 
acid, pyiogallc’, 
all sugars, ineco- 
1 iilc acid. 

Urate, albumen, or 
gelatin. 

•Salicylate. 

Iodoform. 

Hydroqiiinone 

d. The substance 
chars without 

fusing. 

A carbonate remains. , 

It emits a smell of burnt sugar. 

It evolves orange-coloured vapour. , 

It evolves red vapour. 

Succinate 

Starch, cellulose. 
Tannate. 

Gallate. 

e The substance 
neither ehars nor 
fuses. 

A carbonate remains (505). 

Oxalate. 

f. The substance 
fuses to a coloured 
liquid. 

The liquid is reddish ; vapour of un- 
pleasant smell is emitted, which 
bums with a spioky flame. 

Uippurate, or an 
alkaloid. 

g The substance 
fuses, and evolves 

No further special observations. 

A imell of it alio noticed, 

The subitanoo darkens In colour. 

Cyanide. 
Suiphooyanide 
Ferrocyanide, or 
ferrlcyanide. 
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1095. Ascertain whether any Metals are Present by 

heating the substance on a piece of thin porcelain ; if a black 
residue of carbon is left, burn off the carbon by heating it 
strongly in the blowpipe-flame (Exp. 81, 105). One of the 
following results may be obtained. 

{a) A Coloured Residue may remain and will probably 
be due to the presence of a metal which produces 
a coloured oxide. The residue may be examined 
directly by paragraph 991, and then after solution 
(lOOl) by the General Table (l007)- 

[h) A White Residue may remain, which when it is mois- 
tened with water shows an alkaline reaction to test- 
paper : this may be caused by the presence of K, 
Na, Ba, Sr, Ca, or Mg in an organic salt. The 
residue may be examined by the preliminary tests, 
990, 991, and may then be dissolved (lOOl) and 
examined by the General Table (1007). 

1096. Mix the Substance with Powdered Soda-lime and 
heat. Note particularly any of the following changes. 

(а) A Smell of Ammonia^ which is evolved from nitro- 
genous substances, such as ammonium salts, urea, 
albuminous bodies, alkaloids, urate and hippurate. 

Nitrocompounds, such as nitrobenzene and picrate, 
do not give off ammonia when they are heated with 
soda-lime. 

(б) Aniline, evolved from aniline compounds. 

(c) Benzene, evolved from benzoate or hippurate. 

(d) Phenol, evolved from salicylate. 

1097. Try the Action of Strong Sulphuric Acid upon 
the Substance^ both in the cold and on heating : the results 
which may be obtained are tabulated on page 422. 

Note , — This test may be supplemented by heating the substance 
with dilute HQ8O4, since formates, acetates and cyanogen-compounds 
may be frequently detected by this means. 
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Effect op adding Strong H^SO^ to the Substance, 
OR TO ITS Strong Solution, and then Heating. 


Result. 


a. No change oc* 
curs in the cold, 
and either little 
or no charring on 
heating. 


b No change oc- 
curs in the cold, 
but the substance 
tumi dark - col- 
oured, or chars, 
when it is heated 


e. The substance 
becoihes coloured 
in the cold; the 
colour deepens on 
heating. 


Observation. 


CO evolved ; no charring. 

Ha evoUed , no charring 
CO and CO2 evolved , no charring 
Pungent fumes ; no charring. 

.Slowly darkens; iiritating fumes 
evolved 

Slowly darkens ; acid fumes, then 
CO and CO2 evolved 
Slowly darkens , CO and CO2 evolved. 

(Dlffeience from tartrate, tVc ) 
Slowly darkens; pungent fumes 
evolv ed 

Effervesces ; slowly darkens. 

HCN evolved , no charring 
HCN and finally CO evolved , white 
precipitate 

CO evolved, and luiiiid becomes tur- 
bid , 

SO2 evolved , jellow S formed 
.Slight charring. 


Fragrant smell; vapour burns with 
a smoky flame , SO> is evolved, and 
charring occurs (Confti niby 734 ) 
Acrolein is smelt, and ultimately 
SO2 is evolved with much chai 1 mg 
CO and SO2 are evolved, with giadual 
chaning. , 

CO, CO2, and SO2 aie evolved, with 
rapid chaning, • 

SO2 is evolved, and charring occurs 
The substance then turni reddish- 
brown, evolving CO> and pungent# 
fumes 

The substance turns brown, and 
SO2 is evolved 

A vivid red coloration Is produced, 
and SOo is evolved 
Characteristic smell, then chaning, 
and evolution of SO2 


Pale brown, cold, blackening on 
heating 

Yellow, cold , pucc, on heating 
Pink, cold ; blackening on heating 
Yellow, told , charring on heating, 
and evolving CO and SO2 
Brown, cold ; charring rapidly, and 
evolving CO and SO2 Solid cane- 
sugar gives these changes slowly. 
Chars at once, forming white aniline 
sulphata 


Inference 


Formate. 

Acetate 

Oxalate. 

Chloral , chloro- 
foim 

Succinate, or ben- 
zoate. 

Mnlate. 

Citrate. 

Uiea. 

Urate 

Cyanide. 

Ferrlcyanide. 

Ferrocyanide. 

Sul phocy ankle 
meeonic acid 


Alcohol 

Glyceiol, 

Glucose. 

Tartrate 

Ilippnrate. 


Salicylate 

Tannate. 

Oallate. 

Turpentine. 


Quinine, cinchon- 
ine, morphine, or 
strychnine. 
Narcotine. 
Brucine. 

Starch. 


Cane-sugar. 

Aniline. 
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1098. Test if the Substance is Soluble in or Miscible 
with ; — (1) Cold water, (2) hot water, (3) alcohol, and 
(4) ether. 

Valuable information can frequently be obtained from this 
treatment with solvents, since it affords a ready means of 
effecting the separation of substances from one another if 
a suitable solvent can be found. The solubility of many 
organic substances is stated in the following Table 


Solubility of Organic Substances in Water, 

IN Alcohol and in Ether, 

8 = soluble, i = insoluble, as = slightly soluble, vs = very 
soluble, and vss = very slightly soluble. 



WATER 



NAME OF SUBSTANCE. 


— 

ALCOHOL, 

ETHER. 


COLD. 

HOT. 



ACIDS- 





Formic, , , . . 


vs 

vs 

1 

Acetic, . , 

^a 

vs 

vs 

s 

Oxalic, .... 

s 

vs 

vs 

B 

Succinic, .... 

83 

vs 

s 

SS 

Benzoic, 

SS 

3 

s 

S 

Malic 

VS 

vs 

vs 

VSS 

Tartaiic, . 

s 

s 

s 

1 

Citric, 

s 

s 

s 

i 

Salicylic, . 

ss 

s 

s 

vs 

Tannic, .... 

s 

s 

S3 

vss 

Gallic, 

ss 

s 

s 

s 

Meconic, . 

ss 

s 

s 

vss 

Uric, . 

1S3 

vss 

S3 

i 

. , 

vss 

s 

8 

s 

8 

ss 

s 

ALKALOIDS— 





Quinine, 

i 

1 

vss 

83 

Cinchonine, , 

1 

i 

S3 

vss 

Morphine, 

vss 

vss 

3 

VSS 

Strychnine, 

i 

i 

s (hot) 

i 

Narootine, 

i 

i 

S3 

a 

Brucine 

ss 

ss 

S 

1 

Caffeine, . 

n 

s 

SS 

vss 

HYDROCARBONS- 





Turpentine, 

i 

I 

VS 

vs 

Benzene, . 

1 

1 

s 

a 

HALOID COMFOUNDS- 





Ghloroforni, . 

i 

i 

8 

8 

Iodoform, . 

1 

t 

s 

8 
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WATER. 



NAMS OF STTBSTAKCE. 



ALCOHOL. 

ETHER. 

COLD. 

HOT. 




ALCOHOLS Ain> 





PHBNOLS- 
Methyl alcohol, 

vs 

vs 

vs 

vs 

Ethyl alcohol, . 

vs 

vs 

vs 

vs 

Glycerol, . 

8 

8 

S 

i 

Phenol, .... 

8 

8 

vs (hot) 

O 

Hydroquinone, 

a 

S 

8 

S 

Pyrogallol, 

ALDEHYDES- 

vs 

vs 

vs 

8 

Formaldehyde, 

ss 

SS 

s 

i 

Acetaldehyde, . 

vs 

VS 

8 

s 

Chloral, . 

Benzaldehyde, . 

s 

s 

8 

8 

\s 

vs 

AMIDO-OOMPOUHDS- 





Urea, 

vs 

\s 

vs 

ss 

Aniline, .... 

vss 

vss 

8 

s 

BUSCELLANEOHS— 

8 

8 

8 

8 

Ether, 

Ethyl acetate, 

ss 

SS 

vs 

VS 

vs 

VS 

VS 


Acetone, 

Carbon disulphide, . 

s 

1 

s 

1 

s 

vs 

8 

^8 

Nitrobenzene, 

1 

i 

s 

8 

CABBOHYORATES AND 





ALBUHINOUS COM- 
POUNDS - 





Deirtrose, . 

vs 

vs 

8 

S (CH3.OD) 

Levulose, . 

8 

8 

8 

Cane-sugar, 

VS 

\8 

88 

1 

Maltose, 

8 

8 

S 

1 

Milk sugar. 

SS 

SS 

VSS 

1 

Cellulose, . 

i 

i 1 

1 

i 

Starch, .... 

1 

8 

1 

i 

Dextrin, . 

8 

8 

1 

i 

Albumen, 

S 

S 

i 

1 

Gelatin, .... 

i 

s 

1 

i 


insoluble ininsoluble, sss slightly soluble, vs -very soluble, 
vss= very slightly soluble. 





1099 , 1100 ,] 


ORGANIC SUBSTANCES. 


425 


Special Examination of Organic Substances. 

1099. If the substance is a simple one, it will probably 
have been identified and it will only be necessary to apply 
confirmatory tests. But if the preceding treatment has 
given any indication that the substance is a mixture, some 
method of separation should be devised. For a solid the 
action of solvents {1098) may be utilised, or treatment with 
solutions of acids or of alkalis may be successful. A liquid 
may be subjected to fractional distillation (646a). In any 
case it is advisable to ascertain what elements are present in 
the substance. 

The following experiments will indicate the presence of 
the more important elements. 

1 100 . Ascertain what Elements are present by heating 
the substance with a little sodium in an ignition-tube until 
it is charred. Then drop the vube into a few c.c. of water 
contained in a mortar. Grind up the fragments with the 
water, filter, and divide the filtrate into three portions* 

(a) To the first portion add a small crystal of FeSO^, boil 
the liquid and acidify it with HCl ; a blue or green colora- 
tion shows the presence of niVogen (637)* 

t 

(i) To the socond portion add a small crystal of sodium 
nitroprusside ; a violet or purple colour shows the presence 
of svlphur (638). 

(c) If the substance contains no nitrogen, to the third 
portion add HNO3 AgNOj-solution ; a white or yellow 
precipitate shows the presence of a halogen (643). 

{d) If the substance coi^tains nitrogen, test for the 
halogen by igniting a fresh part of the substance with 
excess of pure lime in a combustion tube. Shake out 
the contents of the tube into dilute nitric acid, filter the 
liquid and add AgNOj-solution ; a white or yellow precipi- 
tate shows the presence of a halogm (643). 
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The further examination of the substance will depend 
upon what elements have been detected by the above 
tests. 

1101. Hydrolysis may be applied to certain substances 

such as esters, alkyl cyanides, glucosides and sugars, which 
may by this means be split up into readily recognised pro- 
ducts. The process consists in the prolonged heating with 
a moderately strong acid, such as HCl or or with 

KOH-solution. The process may be carried out in a flask 
connected with a reflux condenser. 

The resultant products include alcohols, glucoses and acids, 
and these may be detected by the methods given under the 
separate tests and reactions. 

1102. The Presence of an Alkaloid may be ascertained 
by the application of the general tests given in paragraphs 
735-738. The identification of the particular alkaloid present 
may usually be eflected by carefully extracting with warm 
pure alcohol acidified with dilute HCl, driving oft’ the excess 
of alcohol, diluting the extract with water and testing the 
solution by paragraphs 739~785’ 

1103. The Presence of Organic Acids or their Saits 
can usually be determined by* the formation of charac- 
teristic insoluble compounds with t the metalfe iron, calcium, 
or silver (1104, IIO5, IIO6). 

The acid-radicles should be present in sodium, potassium, 
or ammonium salts, since other metals interfere more or 
less seriously with their detection by these* tests. 

{a) If alkali-metals only are present, the solution to be 
tested must be rendered neutral qr very faintly alkaline. 
The most suitable reagent to \)6 added for producing this 
condition is dilute HNO3, or sodium hydrate solution. Ac- 
cording to the reaction of the solution^ one or other of 
these reagents is used, and is added until the solution does 
not aftect the colour of test-papers. 
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(b) If metals other than the alkali-metals are present, the 
substance must be boiled with excess of Na^COg-solution, 
filtered, and acidified with HNO, ; the CO^ is then boiled oft* 
and the solution is carefully neutralised with NaHO. 

(c) If metals of Group Tl.orlll. are present, the following 
treatment may be requisite in order to ensure their removal. 
The solution is acidified, if it is not already acid, with dilute 
HCl, and H^S is passed to saturation ; the liquid is then 
filtered, and AmHO and Am^S are added to the filtrate : the 
liquid is then filtered again and the filtrate is reserved. The 
filtrate will contain the organic acid-radicles in ammonium 
salts, together with excess of Am,S. Its further treatment 
will depend upon whether other metals (Ba, Sr, Ca, Mg) 
are present. 

If no other metals are present ^ acidify the liquid with dilute 
HCl, boil off* the liberated H^S, filter if necessary, and 
neutralise the filtrate with NaHO. This liquid may now 
be tested with the reagents me. tioned in pars. II04, II05 
(see Note below). 

If other metals are pn'esent^ acidify with dilute HCl, boil off 
the HjS, add Na^CO, -solution in excess, filter, acidify with 
HNO3, boil off CO3, and carefully neutralise with NaHO : 
then proceed to test the liquid by pars. IIO4, IIO5. 

Note . — A separate solution bf the original substance must be 
prepared for the AgNOj tes| (1106), in which dilute HNOj is used 
instead of HCl, else che AgNOj-solution will give a white precipitate 
of AgCl which may be mistaken for an organic salt. 

The results given by the tests in pars. 110471106 with 
very dilute solutions are not pronounced, and are in some 
cases not even visible, and strong solutions should always 
be employed. 

It will be seen that the results which are yielded by other 
substances besides the organic acid-radicles are given in 
paragraph II04. 
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1104. Action op FeClg Solution on Neuteal Solution 
OF Organic Substances. 


Result 

Observation. 

1 

Iiifernuc. 

a. A red roloration 
10 produced in 
the cold 

The coloration is destroyed by IfgClvj 
solution, and is unnitciccl hy 
dilute HCl. 

The coloration is destroyed hy dilute 
HCl , a red precipitate forms on 
boiling 

(Diff ) In the original solu- 
tion AgNO,-{ gives a black prctj- 
pitate in hot solution 
(Diff.). .Strung II.»S04 gi\es a 
smell of HA 

The coloration is with difttciilty de 
stroyed by HCi 

CaCl2 pioduces a white precipitate in 
the original solution on boiling 
(Diff. from foimate and acetate ) 

Coloiation destroyed by HA, but not 
by HCT. 

Sulphoryanido. 

Formate, or 
acetate. 

Formate. 

Acetate. 

Mcconate. 

Pyrogallol. 

b. A purple oolora* 
tion ia produced 
in the cold. 

Purple colour not destroyed by HA, 

A salicylat when heated with 
stiong II.,S04 and CH3OH gives oft 
methyl salicylate (Diff. fioin 
phenol ) 

Puiple colour destroyed by HA. 

Phenol solution when treated 
with AmHOand bleaching- powdei 
tuinsbluc (I)iff from a snhc} late 

Sal ic> late. 

riicnol. 

0 A blue * black 
precipitate U pro* 
duoed in the cold. 

Tlie piecipitate u snppears on boil 
mg 

With a gallate KCN produces 
a red coloration. (Diff. from a 
tannate.) 

The precipitate is permanent on heat- 
ing. 

Ainnioniacal CU8O4 solution 
produces a green precipitate with 
a taiinate. (Dill from a gallate.) 

Gallate. 

Tannate. 

d. A blue precipi' 
tate ia produced 
in the cola. 

c , 

The colour of the piecipitate is 
changed by KHO into brown. 

Ferrocyanide. 
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Besult 

Observation 

Inference. 

e. A buffer reddish 

The addition of HCl gives crystal- 


preoipitate ie pro- 
duoea in the cold 

line scales of benzoic acid. 

Benzoate. 

The original substance bums 
with a smoky flame. (Diff from 
a succinate ) 



Ihe precipitate is soluble in HCI. 

A succinate is precipitated on 
the addition of BaOl^, AmHO, and 
alcohol. (Diff from benzoate.) 

On the addition of HCl, hippuric 

Succinate. 


acid separates. 

The original substance bums 
with a smoky flame, and evolves 
Ifllj and when it is heated 

with soda-lime 

The reddish precipitate dissolves in 

Hippuratc. 


HCl. 

Confirm by adding to the ori- 
ginal substance KnCroO/ and 
H2SO4, a blue colour” appears. 

Aniline. 

f. A coloretion it 

. 

Brown or olive-green coloration. 

Ferricyanide. 

produced in the 

Confirm by adding FeS04 solu- 

cold. 

tion to the original substance, a 
blue precipitate forms. 



The coloration is blue. 

Morphine. 

(. Ko effect it pro- 

Reddens on heathig 

Quinine, caffeine, 

duced until the 


I brocine. 

mixture It heated. 

Red precipitate on heating. 

Cinchonine, or 
strychnine. 


Slight red precipitate on heating. 

Karcotine. 
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1105. Action of CaCl^ Solution on Neutral Solution 
OP Organic Salts. 


Result 

Observation. 

Inference. 

a. A white pre< 

The precipitate is insoluble in HA 


cipitate forme in 

and m KHO; when dried and 


the ooldi 

heated, it scarcely chars and 



leaves a carbonate 

Oxalate. 


Tlie wecipitate is soluble in HA and 
in KHO , it often only appears on 
shaking, and chars when dried and 



heated 

Tartiate. 


Confirm by heating the original 
solution with ammoniucal AgNOj 
(694, Note) 

Add PbAa to the oiiginal solu- 


tion, a white piecipitate forms 

Tl»e precipitate is decomposed by 

Meconate. 


HCl, with sepal atioii of uric acid 

Urate. 


The precipitate is unchanged when 

Hippurate, benzo* 


heated 

ate, or taniiate. 

b. A white preci- 

i 

Tlie precipitate is soluble in HA and 


Ditate forme on 

insoluble m cold KHO , it chars 


heating^. 

on being dried and lieated 

Tlie piecipitate foiuis nioie readily 
in the presence of alcohol , it chais 

Citrate. 


on being heated 

Confirm by adding PbAo to 

Malate 


the neutral solution, and fusing 
the precipitate (jjiider water 


c. A white preci' 

Confirm by treating the ir.,utral solu- 

■ 

pitate forme in 

tion with FeCl3, a reddish prd 


the preeence of 
alcohol. 

1 

cipitate forms. 

Succinate. 
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1106. Action op AgNOg Solution on Neutral Solution 
OP Organic Salts. 


Result 

Observation 

Inference. 

a. A white precioi- 
tate forms in uie 

The precipitate is unaltered when 

Oxalate, meconate, 

heated. 

salicylate, mal- 

cold. 

Tlie precipitate dissolves when 
heated it is not formed 111 dilute 

ate, orhippurate. 


solution 

The precipitate foi ms in stronjr solu- 
tions, rapidly tinning black, in 
dilute solutions a black piecipitate 
of Ag is foimed when the liquid is 

Acetate. 


heated. 

The precipitate turns grey when 

Formate 


It is heated 

Citrate, or malate. 


The precipitate slightly daikens 

Succinate, or ben- 


when it is heated 

zoatc. 

1 

The precipitate r.ipidly turns black 

Tamiate, gallate, 
urate, phenol, 
and hydro- 


The pi ecipitate turns black when the 

(juinone. 


liquid IS boiled. 

Tartrate. 

1 

The pi ecipitate is soluble in AmHO, 

Cyanide or sulpho- 


.and lusolnble in dilute HNOj 

The pi ecipitate is insoluble in Ain HO, 

cyanide 


and insoluble in dilute HNOj 

Fei roc> anide. 


Immediate black pi ecipitate. 

Pyrogallol. 

b. An orange preci- 

The precipitate is .soluble in AnillO, 


pitate 18 formed. 

and Insoluble 111 dilute HNOj 

Ferricyanide 
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EXAMPLE SHOWING HOW TO ENTEE THE 
EESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 


1107. The substance given for analysis consisted of a 
powder containing pink, blue, white, and black particles. 
It smelt faintly of ammonia. 

Preliminary Examination for Metals. 


Experiment. 


Observation. 


Inference. 


BXPT. I.— Heated in 
small dry test-tube. 


Con/y —Held in the 
upper part of the tube a 
glass rod with a drop of 
Ume water hanging on 
its end. 


Boiled a portion 
of the substance with 
KUO solution. 

Heated strongly 
another portion of the 
dried substance with 
NafCOs m a bulb-tube. 


Exp. II —Heated a por- 
tion of the substance on 
a loop of platinum wire 
in the Bunsen flame, 
moistened with HCl and 
heated again in the 
flame 

Heated for some time in 
the tip of the inner 
blowpipe flame, moist- 
ened with HCl, and 
held in the 


Water given off which 
turned turmeric - poper 
brown. 

Strong smell of NH* gas 

Substance blackened, no 
smeU of burning. 

Slight white sublimate. 

The lime water became 
milky. 

Brown nitrous fumes 
evolved, recognised by 
their smell. 

Cl-gas evolved, found by 
smeU and bleaching 
litmus 

NHs gas was e/olved, re- 
cognised by its smell, 
and by givint* white 
fumes with strong HCl. 

No mirror formed. 


Pres, of H2O. 

Pres ofNHi. 

Pres, of NH4. 

Prob. pres of C^, Cu, and 
abs of T and A. 

Pres, of As, NH4, Hg. 

COj evolved. 

Pres of nitrate. 

Pres, of d 


TTes ofNH^. 

Abs. of Hg and Ai. 


Bright yeUrno flame. 

Tlie flame appeared 
crimwn through the 
indigo-prism. 


Crimion col-« appearing 
interne red through the 
indigo-prism. 

Bright green col** with 
blue core. 


P.es. of Na. 
Pres, of K, 


Pres, of Bt, 
Pres, of Co. 
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Obseivntlon 


Inference. 


C\i»t 


Exit. III. — Heated a por- 
tion of the substance on 
chaicoal In the iimci 
blowpipe flame. 


Confv - — Fused in a clcai 
boiax bead m the oiitei 
and Inner blou pipe 
flames 

Con ft) — Fused on pla- 
tinum foil witli NaoCC)*; 
and KNO«. 

Co)ify —Fused on chai- 
coal in tlio inner blow- 
pipe flame ivith Na2C03. 


The gieatci pait of the 
substance fused icadily, 
and was absoibcd by tlie 
chaicoal 

Deflagintion occuircd. 

A red metallic icsiduc ic- 
I named 

In the outci flame a bead'^ 
grem whilst hot, blue { 
w hen cold > 

In the inner flame red 
and nearly opaque, ) 

No bluish green or yellow 
mass on cooling 


Fed metallic icsldnc, 

A poition placed on a 
silver coin and moistened 
gave no black stain 


P10.S. of a salt of K, Nn. 
Pies of chlorate, nitrate. 

Pics of Cu. 

Pres, of Cu. 

.\bs. of Mn and Cr 
Pics of Cu 
Abs of S. 


Preliminary Examination for Acid-radicles. 


I'Apt. 

I Observation. 

Infcicnco. 

Expt. I. — Added dilute 
HCl without heating 

Heated to boiling, 

A oolouiless gas uns 
evolved, which was fiee 
fiom smell, and tinned 
a drop of lime uatei 
milky. 

Cl Mas evolved, lecog- 
nlsed by Its smell and 
by bleaching moist 
litmus-papc^ 

Pres, of caibonate. 

Alb-^ of sulphite, hypo- 
chloiitc, Ac. 

PrcB of nitrate, chlorate, 
01 some othei oxidising 
substance 

Expt II. — Added strong 
H2SO4. ^ 

• 

A blight yellow chlorous 
gas • evolved, which 
crackled when warmed. 

Pres, of chlorate. 

Confy. — Dropped ^in 
copper turnings and 

Reddish brown fumes 
evolved. 

Pres, of nitrate. 

heated. 

Heated strongly, cooled, 
and linsed out 

The tube when dry M'as 
seen not to be etched. 

Abs. of fluoride. 

Confy , — Boiled a portion 
of the substance i^ith 

A brown ling formeti on 
the surface of the acid. 

Pres, of nitrate. 

water, added strong 
H2SO4, cooled and 

poured in FeS04 solu- 
tion carefully. 


Examination for Metals in the Wet Way. 

Boiled a portion of the substance with EegCl^, FeS 04 and 
KHO, added HCl in excess, no blue pp ,; — Ahmipe of Cy, 
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These 

lines 

run 

across 

both 

pages. 


Boiled a portion of the substance with water ; as it did not com- 
upon the undissolved residue: effervescence occurred, and on boiling, Cl 
Cl was perceived ; the substance was completely dissolved. Cooled 
previously to give no pp. on addition of a little dilute HNO3 : — 


JSo pp, 

Ahit of Group I 
Kg', Ag, and prob. Pb 


Diluted with water and passed H2S until the liquid smelt strongly 


A black pp Filtrate which gave no further pp. with 

I Examd ny Table II Boiled until it no longer smelt of 

on addition of HNO3 (prob, pres of fe) 
of the HCl soln. to some AmHMo04 
boiled ; filtered — 


A broum pp, 

' Exanid by Table III A 


Exam^* of pp. in Group II.— Removed from the filter 
into a porcelain dish and boiled with KHO, filtered *— 


Filtrate — 
Acidified 
with HCl, a 
white milky 
liquid only . 

Abs of 
Group II B. 

Pp removed from filter by a glass rod into a noicelain dish and 
boiled with strong HNOt as long as any red fumes came off, 
added dilute H2SO4 aivu stimd well . 

Nopp — 
Abs ofUg 
and Pb, 

Added to soln excess of AmHO blue solution (Pres 
ofCu) - 

No pp •— 
Abs ofBi, 

Acidified the blue soln with HCl and satu- 
rated with K2S, filtered off the black pp. 
lapidly and boiled it with dilute H2SO4. 

1 

1 

1 


Pp dissolved in a 
little boiling dilute 
HNO3, added 
AmHO 111 excess, 
then excess of IjA, 
then IQFeCye, cno- 
colak red pp. .- 
Pres ofCv 

Filtrate dlluteu 
much and 
passed H2.S, 
no pp. 

Abs. ofCd. 


Exam^ of pp. in Group III.a. 

Dissolved in a little boiling dilute IICI, added pure NaHO 
in excess, boiled and filtered 


Pp dned andjused <w platinum foil with Na2C03 
and KNO«, boiled the colourless (oft*, of Or] mass 
when cold with water ; decanted from the undis- 
solved residue 

Residue in the dish dis- 
solved by boiling with a 
little HCl, added several 
drops of KCyS: a blood- 
red coloration . 

Pres. efFe. 

Sol’t being colourless 
proved abs. of Cr. 

Acidified with HA^boiled, 
and added FbAg, no 
yellow np. ;~ 

Abs. of Cr. 


Filtrate • added AraCl In 
excess, no pp *— 

Abs. ofAl. 
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pletely dissolve, the sol“ was decanted, and a little dilute HCl poured 
was smelt. Added a little strong HOI, boiled as long as any smell of 
this sol“ and mixed it with the water sol^ which had been proved 


of the gas, filtered 


H»S was pink {proh. pres, of Co) 

added some strong HNO3 and boiled to dryness* the colour of the sol" changed to light brown 
Warmed the residue with HCl, it dissolved completely (i 46 « of HoSiOs ) Added a small portion 
warmed , no pp.. Absence of (PO4)'". To the remr added AmCl then excess of Amlfo, and 


Filtrate was again pink {presence of Co) : added much Am2S and boiled, filtered — 

A black pp. 

Examd by Table III.B 

Filtrate was yellow (afiwnce of Nx) added Am2C03), filtered *— 

A white pp. 

Bxamd by Table IV. 

Filtrate. 

Examd by Table V. 


Exam^ of pp. in Group III.b, 

Rinsed the pp. off the filter with some cold dilute HCl, 
stirred well, filtered . — 


Pp was black and had 
already been proved to 
contain no Nl, fused 
a portion into a clear 

Filtrate boiled until it no longer smelt of H2S, 
added a crystal of KCIOj, boiled until the smell of 
Cl ceased, cooled and adaed pure NaHO in excess - 

borax bead bead blue 
m both flames*— 

Pres of Co. 

No pp 

1 Abs of Mn. 

— 

1 

Passed HgS into the soln 
nopp — 

Ahs of Zn. 


Exam^ of pp. in Group IY. 

1. Exanf /toe co^" —Dissolved a small quantity of 
the pp. in a few drops of HCl upon a watch-glass, dipped a 
loop of Pt-wire into the sol" and held it in the Bunsen 
flame : a crimson red colour was imparted to the flame, which 
appeared intense red through the indigo-prism ; Pres, of Sr, 
This coloration was followed by a yellowish green very per- 
sistent col" : Pres, of Bcl Confirmed by spectroscope. 

2. Exam^^ in the Wet way. Dissolved the rest of the pp. 
in as little boiling HA as possible ; to a small part of the 
solution, perfectly cold, added OaSO^-sol"* an immediate pp. 
formed: Pres, of Ba. 



436 


EXAMPLE OF ENTRY OF THE 


[ 1107 , 


To the remainder of the HA-so 1® , proved to be acid to 
litmus, added K^CrO^ until the liquid appeared yellow, 
warmed and poured through a double filter : — 


Pj?., which con- 
tained all the Ba 
presentjiwas, re- 
jected. 

To the clear JUtrate, which was orange red in colour, added 
AmHO until the colour changed to light yellow, then added 
Am2C03 in excess and filtered 


Filtrate was re- 
jected. 

1 

Pp. • dissolved in as little boiling HA as 
I>os8ible; added to a small portion of the 
solo* CaS04 solo and boiled, a pp. formed, 
showing pres, qf Sr. _ 

To the remainder of the HA solution 
added H2SO4, boiled, filtered, and to the 
filtrate, which gave no pp. after being 
boiled with more Hj^04, added AmHO 
in excess and Am2C20j|^i no pp. . 

Abs. of Ca. 


op Filtrate from General Table for Group V. 

Evaporated the filtrate to dryness in a porcelain disb^ 
scraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear : dissolved the 
residue off the foil by boiling with water to which several 
drops of HCl had been added, divided the sol"’ into two 
unequal parts : — 


To the larger ^tion added eeveral 
droM of H2S04 and boiled, then 
AmHO in eicess and several drops 
of AiHsCjO^ ; on heating, a slight 
pp. formed ; filtered, and added to 
the clear filtrate NasHP04, a white 
crystalline pp. 

Pres, of Mg. 


Into the smaller portion dipped a loop 
of platinum wire, and held it in the 
Bunsen fiame, an intenve yellow 
coJ- t 

P-es. of Na, 

appearing orimaon through the 
indigo-pmm :~ 

Pres. o/K. 

Confirmed the pres, of E by stirring a 
fresh portion pf the sol"* with PtCl4 
on a watch glass, a yeUow pp. 
formed. 


Metals found Cu, Fe, Co, Ba, Sr, Mg, Na, K, NH.. 
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Exam^’* for Aoid-radioles. 

The following acid-radicles have already been detected: 

(C03)^ (N03)',(ci03y. 

By reference to the Table of Solubility (1038), under the 
columns corresponding to the above metals, the only salt 
insoluble in acids is found to be BaSO^ ; since Ba is present, 
and the substance is entirely soluble in acids, (SO4) is absent 

The following acid-radicles have also been proved to be 
absent in the general examination for metals ; — 

(CrO^)'', by the HCl solution not becoming green on pass- 
ing HgS . 

(ASO3)'" and (ASO4)"', by no pp. forming in Group II. b. 

(SiOg)'' and (SiF^)'', by no residue insol. in HCl remaining 
on evaporating to dryness with HCl for Group IILa. 

(PO4)'", by testing with AmHMo04 in the HCl sol"* for 
Group IILa. 

The organic acid-radicles A and T are absent, since there 
was no smell of burning on heauing the substance. 

The only commonly occurring acid-radicles remaining to be 
specially tested for are therefore Cl, Br, I, (C2O4)'', and 
(BO3)'" ; and of these Br and I are probably absent, since no 
violet fumes of I or brown fumes of Br were evolved with 
strong H2SO4 . 


Boiled a pottion of tno substance with pure JNsgCOg sol®‘ 
and filtered ; acidified portions of the filtrate with — 


HN 03 

HA 

Added AgNO^, a perfectly white 
pp., easily sol. in Am£^ ; — 

Pres, of Cl. 

1 

Added CaSOt, no pp. 

Abs. <if 
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Moistened a piece of turmeric-paper with the HOI sol“* of 
the substance and dried it at 100°, no reddish-brown stain 
was produced : — Aha, of {BO 


Acid-radicles found : — CO3, NO3, CIO3, Cl. 


(Metallic-radicles: Cu, Fe, Co, Ba, Sr, Mg, Na, 
Found-! K, 

yAcid-radidea : CO3, HO3, CIO3, 01. 



SECTION VII. 


THE LABORATORY AND ITS FITTINGS ; 
APPARATUS, CHEMICALS, AND RE- 
AGENTS. 


In this Section directions are given which have been found by 
experience to be of value in htting and furnishing a laboratory and 
in maintaining it in working order. 


The Laboratory Building, and its Fittings. 

Introductory Remarks. — The Methods of Building, Fitting, Heat- 
ing, and Ventilating a Chemical Laboratory are of prime importance 
in securing the comfort, health, and convenience of the laboratory 
. ..udent ; in recent yeai s very considerable advances have been made 
in these matters. For detailed information on these subjects, refer- 
ence may be made to papers by E. C. Robins, which are published 
in the Transactions of tht? Institute of British Architects for the 
years 1S82-3 and 1883-4. 

II 08 . With regard to the Building, it must sudice to 
state here that /he main points which require attention ai*6 
that the internal air space, ventilation, and window lighting 
both from, the top and sides, should be secured on as ample 
a scale as possible. The i iner surface of the walls should 
either be of white glazed brick, which can be easily cleaned 
when necessary, or the rough brick or plaster surface should 
be covered with white lime-wash or distemper, which can be 
frequently and cheaply renewed. The windows should be 
glazed with colourUea glass. 
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1109. Draught Closets. — Around the walls, in the spaces 
between the windows, there should be large and small 
recesses, each of which is lined with white glazed tiles, has 
a glazed hood above, and is closed with a sliding sash in 
front ; it is provided at the top with an outlet, through 
which a strong draught is caused. These draught-closets 
should be provided with several gas-supplies for Bunsen- 
burners, the taps being on the outside of the closet ; they 
should also be furnished with a gas-jet for lighting the 
interior when necessary. The bottom of the closet may be 
covered with sheet-lead, and should be provided with a small 
grid through which liquids escape into a drain-pipe. Some 
at least of these closets should also be provided with a 
water-supply pipe. A strip of india-rubber draught-excluder 
fixed along the top of the inner frame and lightly touching 
the glass, prevents the escape of fumes when the sash is 
partly opened. 

One or more of the larger draught-closets will be reserved 
for the hydrogen sulphide apparatus (lI 25 )* It will be 
found well to provide such a closet with small doors, which 
are opened when the gas is to be used : this prevents the 
gas from escaping in large quantity into the laboratory, as it 
would do if the large sash were thrown up for each opera- 
tion. A frame containing pairs of little hinged glazed doori, 
each about six inches by eight, may be introduced beneath 
the sliding sash. This enables a stpdent to cpen as much 
of the closet-front as is necessary for passing the gas through 
a solution : while the whole sash can be raised for cleansing 
or replenishing the hydrogen sulphide apparatus. 

One of the draught recesses is kept open Tor the steam- 
ovens, small boiler, and condenser which are described in 
paragraph I131. 

c 

1110. Washing Sinks. — Two or more deep stoneware- 
sinks should be provided for general use. These have large 
water-taps fixed above them at some distance from the back 
of the sink. It will be found convenient if each sink is 
supplied with three taps. Two of these deliver low-pressure 
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water, hot and cold ; and a third is connected with a high- 
pressure water service, upon which a fire-hose can be at 
once adapted. A stout wooden board riddled with small 
perforations may be laid upon the bottom of the sink. It 
serves as a strainer which prevents solid pieces from getting 
into the outflow pipe : it also tends to prevent the breakage of 
glass or porcelain vessels which may be dropped into the sink. 

mi. Working Benches. — In the frontispiece illustration 
of this book a block of four laboratory benches in the Not- 
tingham University College is shown. Two of these are 
presented to the observer, and are therefore visible in detail. 
This arrangement of the benches is convenient, since it 
enables the washing-sinks and the water-taps to be placed 
at the end of each bench and yet to be accessible to each 
student. The surface of the bench is thus prevented from 
being wetted and soiled when apparatus is washed. 

1 1 12. Bench Sinks. — The bench-sinks are of stoneware, 
with large perforated movable wooden false bottoms, which 
soften the surface and serve as grids. Half -inch outlet pipes 
unprotected by metal grids discharge into stoneware pots, the 
overflow from which into the drain-pipes is through a curved 
Hi Dneware tube near the top (see Frontispiece). Any fine solid 
matter, which passes down the sink- pipe, settles in this trap- 
pot, and is got rid of by taking out the pot and emptying it 
into a pail at freijuent intervals. The main-pipes are occa- 
sionally cleansed by flushing them with high-pressure water. 
Any stoppage in the straight sink-pipe is readily pushed 
through with a stout cane. Over each sink there are three 
low-pressure water-taps for w^ashing and for supplying con- 
densers, and two high-pressure water-taps for aspirators. 

Lead-covered sinks ^'lesse*^ the risk of breakage arising 
from the dropping of apparatus while it is being washed, 
but they are easily corroded by acids and are less cleanly 
than stoneware. The large w’ooden grid, which is laid on 
the bottom of a stoneware sink, is a very efficient and per- 
manent grid, and saves breakages. 
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1 1 13. A Stoneware Pocket is hung upon the end of each 
working bench to receive waste filter-papers, broken glass, 
and other solid refuse. This pocket is frequently emptied. 

1 1 14. Bench Draughts. — Each bench is provided with an 
aperture leading to a strong draught, and into this aperture 
a copper hood can be fitted, which serves to carry away acid 
vapours or badly-smelling gases. The aperture is stopped 
with a wooden plug when the hood is not in use, in order 
to improve the draught on other benches. The copper 
hoods are occasionally cleansed and painted with Brunswick 
black, in order to protect them against corrosion by acid 
fumes : fixed light earthenware hoods are fragile, but present 
the advantage of not being corroded by acids. A glazed 
draught-hood extending along the top of the centre shelf-rack 
of the bench has been found to be satisfactory : all heating 
and evaporation of liquids is then carried out on a raised 
shelf under this hood. 

1 1 15 . The Laboratory Bench may be made of stout teak 
or of American walnut-wood, the wood being stopped and 
varnished with the exception of the working surface of 
the bench, which should be saturated with oil and then 
well rubbed. This working surface is preserved by being 
occasionally thoroughly washed, dried, and rubbed down 
with a mixture of equal measures of boiled linseed oil and 
turpentine. Wood of a less durable and expensive kind 
may be covered with sheet-lead, and will then be found to 
serve Tvell for the top of the bench. 

The bench may be ?> feet in height with a depth of 25 
inches ; and a space of 7 inches between the reagent shelves 
above the bench will be found suitable for ordinary bottles. 
A gangway at least six feet ii^ width should be provided 
between the rows of benches. 

Two gas-taps are fixed on each bench for supplying 
Bunsen-bumers. If gas is not available, Bunsen-burners 
for consuming methylated spirit or petroleum (III 9 ) may be 
used with advantage. One lighting-burner is provided at a 
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convenient height for illuminating the bench at night. The 
incandescent mantle gas-burner is most suitable for the 
purpose, unless electric glow-lamps are available. 

IIl6. Bench Lockers. — The working- bench is supplied 
with two lockers, each of which has two drawers above it. 
In order to lessen the number of locks, which are liable 
to rust in the laboratory atmosphere, a flat iron bar which 
swings on a pin is fastened upon a staple by a padlock 
in front of the two drawers and locker. By this arrange- 
ment of lockers two students are enabled to use the same 
bench at different times. Each locker should have a 
different key, but all the locks should be under the control 
of master-keys kept by the attendant and the teachers. 
The drawers should be about 3 inches in depth, and may be 
suitably divided by wooden strips. A shelf in the locker 
should not extend more than half across, so as to leave 
standing room for tall apparatus. 

1 1 17* Preparation Bench. — Besides the ordinary work- 
ing-benches, there should be at least one long bench, well 
supplied with gas and water-taps and with overflow-pipes. 
This bench serves for making up solutions, for distillations, 
and for other large operation'^. There should also be a long 
bench made of a slate slab, and covered at a height of 
several feet with a metal hood, under which is a good 
draught outlet. This bench must be supplied with a half- 
inch gas-pipe and taps, and with water-taps and overflows : 
it serves to support water-baths, air-baths, combustion fur- 
naces, and gas f'arnaces of all kinds. 

1 1 18. A Blowpipe-table and Blowpipes. — A table, the 
top of which has a tliised Jedge around it, and which is 
covered with sheet lead or zinc, should be provided. This 
should be furnished with gas-taps to supply gas-blowpipes, 
and luminous-burners for bending glass, and two or more 
Fletcher-bellows should stand beneath it. It is also well, if 
possible, to have a water-blowing apparatus near at hand 
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which supplies an air-blast to the blowpipes for long 
heating operations. 

Tho Fletcher Bunsen-blowpipe (fig. 10, 7 ) will naturally 
find its place on this table. It is also well to keep a Bunsen 
gas-blowpipe (fig. 82) on the table for more elaborate glass- 
blowing, and a Herapath-blowpipe (fig. 83) for smaller heat- 



ing operations. The upper part of the Herapath-blowpipe can 
be purchased without the foot, and this can be fitted into i 
Bunsen burner. 

• 

III9. Spirit and Petroleum Burners and Blowpipes.— 

Heating and blowpipe work must occasionally be done 
without a supply of coal-gas and without an air-blast. 
Recourse may then be had to the Bunsen-burners and 
blowpipes which burn the vapour of eiftier methylated 
spirit or petroleum (figs. 84, 85, 86). 

In these apparatus the burner is first heated by burning 
some methylated spirit from a circular gallery surrounding 
the burner, and the supply of liquid coming into the base of 
the burner is vaporised on coming into contact with the 
hot burner. In the case of the spirit Bunsen (fig. 84) the 
liquid is supplied to the burner by gravitation from a vessel 
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at higher level. In the petroleum- Bunsen (fig. 85) the 
petroleum is raised by the pressure of air which is forced 


Krc;. 84. 



Spirit-vapour Bunsen. 


Fig. 85. 



Petroleum -VAPOUR 
Bunsen. 



by a little pump, .shown on the right of the figure, into the 
up{)er part of the reservoir. The blast of the blowpipe-lamp 
(fig. 8G) is maintained by the 
pressure of the vaporised liquid 
inside the reservoir. 

1120. Chemical Store-room 
Aid Balance room. -- Opei^ng 
into the general laboratory there 
should be at •least two #ieparate 
apartments diie of these is 
fitted with shelves for stores of 
chemicals and apparatus. The 
other is reserved for use as a 
reference-library and for delicate 
metal appamtus, such as chemi- 
cal balances, microscopes, 

ti-oscopos, and polariscopes. bkszolisb Blast-Lamp. 

The apparatus should stand 

on a broad shelf which is at a conven ent height for sitting • 
the shelf is supported on iron bmckets from the wall 
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SO as to secure the chemical balances against disturbance 
from the vibrations of the floor. The spectroscope and 
polariscope should have draw-curtains of black lining 
material, so arranged that when the instruments are in 
use, light from outside may be excluded 

A large central table should also be provided in the 
balance-room for use in writing and reading. A special low 
table, with a raised flange, for gas-analysis apparatus and 
for other experiments involving the use of mercury, is 
necessary : and in order to provide against the loss of mer- 
cury spilt from these tables, it will be well to have the floor 
covered with linoleum with turned up edges. 


Bench-appaeatus. 

Detailed descriptions of this apparatus are rendered unnecessary 
by the existence of fully illustrated and descriptive price lists, which 
are now furnished by the apparatus-sellers. 

II2I, A list of the apparatus which should be kept in 
each bench-locker will be found on page xxiii. The separate 
items of that list are repeated here with the addition of details 
of dimensions and of other useful information. 

In Section I. of the book, directions are given for prepar- 
ing and fitting this apparatus. 

The Bunsen-burner with its india-rubbe” tube may be left 
attached to the gas-tap on the bench ; all the other apparatus 
should be locked up in the bench-locker when it is not in 
use. Most of this apparatus is seen on the bench in the 
Frontispiece illustration. 

1 Bunsen-bujrner (i), about 5^ inches in height, with }-incb tube 
and with means of closing the air-£oles. 

1 Rose-top to fit the burner (x). 

1 Fletcher’s Argand-Bunsen burner ( 2 ), J-inch size, is convenient 
for boiling the wash-bottle. 

1 Piece of red or black india-rubber tubing, iV-inch in internal 
diameter and 16 inches long, to supply gas to the burner. 
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1 Test-tube stand with twelve holes, two of which are at least 
1 inch across ; best without draining -pegs. 

1 Test-tube brush (13), 

12 Test-tubes, 5 inches long, f-inch in internal diameter. 

2 Boiling-tubes, 6 inches long, 1 inch in internal diameter. 

2 Round glass plates, ground on one side, 3 inches across. 

2 Berlin-porcelain evaporating-dishes with spouts, glazed inside and 
out, and 3 inches in diameter. 

2 Watch-glasses, 2 inches across. 

1 Conical flask of 4 ounces capacity (fig. 33, p. 43). 

1 Wedgwood-mortar, 4 inches across, and pestle with wooden handle. 
1 Galvanised iron tripod-stand, 7 inches in height, with round top 
4 inches across (fig. 33, p. 43) ; these dimensions are suitable 
to the above Bun sen-burner. 

1 Square of coarse iron wire-gauze, 5 inches in the side ; best with 
the corners clipped off (fig. 33, p. 43.) 

(A square of asbestos millboard may be used instead of the gauze. ) 

3 Plain glass funnels, two of them 2i inches across, and one 2 inches 

across. 

3 Beakers without lips, wide form, of 1, 2, and 3 ounces capacity. 

3 Glass rods, round at the ends, 7, 6, and 3 inches in length (10). 

1 Piece of platinum foil, 1 inch by 1.J inches. 

2 Pieces of mounted platinum wirS (9), each 2 inches long and about 

as stout as an ordinary sewing needle. 

1 Blowpipe, Black’s japanned tin (fig. 9, p 6). 

1 Pipe-clay triangle, 2 inches along its side. 

1 Wash-bottle (12), made by fitting a conical 18-ounce flask, which 
is at least 1 inch across the inside of the neck. 

1 Retort - stand of galvanised {yon (fig. 33, p. 43), upright rod 16 
inches, foot fi by 34 icches, with 3 rings of brass or gun- 
metal, the largest 3 inches across. 

1 Wooden filter-s*iind (fig. 49, p 71), rod 12 inches high, two rings on 
one boss, each 2J inches across, foot 5 by 8 inches by J inch. 
1 Pair of polished brass crucible-tongs, 6 inches long. 

1 Small horn spatula, 34 inches long. 

1 Wicker oval draining-basket, 10 inches by 8, and 4 inches deep. 
Cut filter-papers, 44, 34, and 2J inches across. 


Special Apparatus for Section II. 

1X22. The following Apparatus is required for the 
experiments on gases; it need not be supplied to each 
student, but several sets should be kept in accessible 
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positions in the laboratory, whence they may be fetched 
when they are required. This apparatus should never be 
kept in the bench4ockers. An asterisk indicates that the 
apparatus is also required for chemical analysis. 

♦1 Nest of three or four of the smallest sizes of bra&s cork-borers. 
♦1 Triangular file, without wooden handle. 

♦1 Thin round file, without wooden handle. 

♦ Several lengths and pieces of hard glass tubing, about J inch 

internal diameter. 

♦ Ignition-tubes, 3 inches long by J inch across, and 3 by 

♦ Corks as free as possible from holes and cracks, sizes varying 

from I to J inch across. 

1 Small metal clamp, in a boss which fits on the retort-stand (see 
fig. 21, 23). 

1 Stoppered bell -jar of 16 ounces capacity. 

4 Glass cylinders on feet (fig. 22, 24), with ground edge at top, 
8 inches high, IJ inches across. 

4 Cylinders similar to the above, 6 inches high, 1 \ inches across. 

1 Round brown stoneware trough, 12 inches across, 5 inches deep. 

1 Metal deflagrating-spooii, with brass cap 2J inches across. 

2 Two-necked Woulffe’s bottles of 8 ounces capacity. 

2 Two-necked Woulffe’s bottles of 4 ounces capacity. 

1 Tubulated retort of 6 ounces capacity. 

2 Thistle-funnels, 8 inches long. 

1 Clock-glass, about 4 inches across, 

4 Pieces of red or black india-rubber tubing, inch in internal 
diameter and 1 J inches long. 

♦ A good supply of wooden spiPs, or thin strips of wood. 

♦ A good supply of wax tapers, about 11 inches long. 

♦ A small piece of thin candle. 

1 Tube (fig. 26 a, 33), 6 inches long, filled with small .pieces of cal- 
cium chloride. 

4 Strips of sheet-lead, 6 inches long, ^ inch broad. 


Appabatus fob Genebal Use in AWAnysis. 

1123. The Following App^t^atus should be kept in the 
laboratory for the general use of students who are doing 
chemical analysis. 

One set will suffice for about twelve students. Each 
article should have its own place in the laboratory, and 
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should be replaced immediately after use, since it may be re- 
quired by other students. The apparatus mentioned in para- 
graph 1122, which is marked with an asterisk, is also required 
for analysis, and must be included in the following list : — 

1 Spirit-lamp, 4 ounces in capacity, with earthenware wick-holder 
and ground glass cap. 

1 Charcoal borer of conical form. 

4 Tin filter-dryers. 

4 Berlin-porcelain crucibles, 1| inches across, with covers. 

1 Iron mortar, 8 inches across, with pestle. 

1 Fletcher* s No. 6 foot-bellows (fig. 11, 7), and a blowpipe-table 
covered with sheet zinc or lead. 

1 Fletcher’s Bunsen-burner blowpipe, with central blast, and two 
taps (fig. 10, 7). 

1 Bunsen-blowpipe, and one Herapath-blowpipe (1118). 

1 Fletcher's solid-flame burner, with tripod for large dishes (fig. 3,2). 

1 Fletcher’s injector-furnace for strongly heating large crucibles. 

1 Microscope, with at least a J-inch object glass. 

1 Spectroscope, Bunsen’s table form (115) 

1 Spectroscope, direct vision, pocket form (114). 

1 Indigo-prism, stoppered. 

This prism is nearly filled with solution of indigo in strong 
sulphuric acid ; the dry stopper is inserted into the dry neck 
and is securely fastened down with fine copper wire : melted 
paraffin wax is then allowed to flow over the stojTper and neck. 

The indigo-solution is made by mixing commercial sulphin- 
digotic acid with about ten times its measure of strong sul- 
phuric acid, letting setMe for several days, and decanting 
into the prism. » 

1 Agate morjar 3 inches^across, and pestle. 

This mc^tar is used for reducing hard substances to fine 
powder, after they have been already broken into minute 
fragments. The process of powdering in the agate mortar 
must be effected by trituration ; blows must on no account be 
struck wijh the pestle, else the mortar may be broken. 

2 Small leaden cups, about 1 J inches across and | inch deep (606). 

These are made by beating sheet-lead into shape. 

2 Copper water-baths j5 inches across, and with four diminishing 
rings (88). 

One large bath with several openings (88) may replace 
these smaller baths. The baths should be about two-thirds 
filled with water, and the flame should be so adjusted that 
the water is kept just boiling. Evaporating basins placed 
on the bath cannot be heated above 100® 0. 


29 
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2 Pairs of conical flasks, fitted as is shown in fig. 70, 315 . 

2 Tabulated flasks, 4 ounces in capacity (fig 73, 505 ). 

2 Clarke’s retorts with condensers (fig 74, 555 ). 

A box of assorted pieces of wood charcoal, as free as possible 
from cracks and from bark. 


Hydrogen Sulphide Apparatus. 

1124, Hydrogen sulphide Gas is constantly required by 
the analyst, and should be readily obtainable at any time in 
a constant stream. Arrangements must be made for pre- 
venting this badly-smelling gas from polluting the atmo- 
sphere of the laboratory to any large extent. Both these 
objects, together with economy of materials, are better 
secured by the use of a large apparatus in common by 
Inany students, than by the employment of a small private 
apparatus by each student. 

The gas is most readily obtained by the action of some- 
what diluted cold commercial hydrochloric acid upon frag- 
ments of ferrous sulphide. 

1125. General Hydrogen sulphide Apparatus. — The 

apparatus in which the gas is prepared has assumed many 
forms. The one shown in sectfon in figure 87 and described 
below, is recommended by its simplicity, eflSciency, and 
cheapness. 

Two large tubulated bottles, A and B, of at least two quarts 
capacity each, are fitted as is shown in the figure. The 
tubulures of the bottles are connected together by a piece of 
broad rubber tubing, and the bottle B is also connected with 
the wash-bottle 0 by narrow rubber tubing. Rubber stoppers 
should be used, since they are more durable than ordinary 
corks and are always gas-tight. The delivery tube D is con- 
nected with the doubly-bent tube from the washing-bottle by 
means of a rubber joint, which can be partially or entirely 
closed by means of a screw-clamp E. 

In charging the apparatus, the bottle B is laid on its side 
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and is then filled with lumps of ferrous sulphide. The 
washing-bottle C is then partly filled with water, and the 
three bottles are connected. The clamp E is now closed, 
and the bottle A is about half filled with a mixture in equal 
measures of strong commercial hydrochloric acid and water. 

When the gas is required, the bottle A is raised upon a 
suitable stand, and the clamp E is gradually opened until a 
regular stream of bubbles passes through the water in C* 


Fig. 87. 



A part of the acid will flow from the bottle A into the bottle 
B, and will cause hydrogen sulphide to be evolved from the 
ferrous sulphide ; the gas will be forced out of B by the 
pressure of the acid which remains in A. Before it escapes 
through the tube D, the gas is washed free from small drops 
of liquid, containing ‘HOI and Fed,, by passing through the 
water in 0. The levels of the liquids in the bottles A, B 
and 0, while the gas is being produced, are shown by the 
horizontal dotted lines. 

When the gas is no longer required, the screw-clamp at E 
is gradually tightened until the stream of bubbles through 
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the water in 0 is arrested. The gas then accumulates in B, 
and forces the acid out of B back into A. If the glass tube 
at the bottom of B is bent, as is shown in the figure, the 
acid will be almost completely expelled. This will cause 
the production of the gas to cease. The evolution of gas wdll 
recommence, however, as soon as the clamp E is opened. 

During the hours of laboratory work A should remain raised 
on its stand, and the apparatus will then always be ready for 
use. At other times A should be lowered into the position 
represented in dotted outline in the figure. B should be 
permanently somewhat raised in order to facilitate the 
outflow of the acid when A is lowered. The escape of the 
hydrogen sulphide gas from solution in the acid is much 
lessened in amount, if a funnel containing water or glycerine 
is fitted into the stopper at the top of A, or if a loosely- 
fitting glass stopper is dropped into the neck of the bottle. 

When the acid is spent and no longer causes evolution of 
gas from the FeS, it is poured away and replaced by fresh 
acid. Lumps of FeS are also occa- 
sionally placed in B, as the sub- 
stance becomes dissolved. 

The Kipp - apparatus (fig. 88) may 
also be used for generating hydrogen 
sulphide. It is similar in its action to 
the one already described, but the acid 
vessel (/) is placed abovfe the generating 
vessel (c), and the two are connected 
together rigidly when the apparatus is 
fitted up for use. 

The hydrogen sifiphide apparatus 
should stand in a closet, which is 
lined with glazed white tiles and 
is furnished with a good draught. 
The bottom of the closet should bo 
covered with sheet-lead, and fur- 
nished with a drain-pipe for the 
spent acid, and a gas-jet should be provided for lighting it at 
night. The closet must not be used for other purposes. 


Fig. 88. 



The Kipp-Apparatus. 
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A large opening in the closet should be arranged for 
recharging the apparatus ; but a small door only should 
be used for introducing the solutions through which the 
gas has to be passed. If the front of the closet is opened 
by means of a glazed sliding-sash, a frame containing pairs 
of glazed hinged doors, each about six inches by eight, may 
be introduced into the grooves beneath the sash. These 
doors enable the apparatus to be used with the least possible 
opening of the closet. Such an apparatus should serve for 
the use of twelve or more students, according to the 
character of the work which they are doing. 

1126 . An Apparatus for Private Use may be fitted as is shown in 
figure 89. The larger bottle contains pieces of ferrous sulphide, upon 
which HCl, diluted with an equal measure of water, is poured through 
the thistle-funnel. The gas passes through a littlelwater in the smaller 
bottle, and thence into the solution to be saturated. The use of a 
small apparatus by each student in a large 

laboratory is not to be recommended, FiQ. 89. 

since it causes unnecessary waJte of 
time and materials, and does not permit 
of satisfactory control of the stream of 
gas which is evolved. 

1127. Passing Hydrogen sul- 
ihide. — Each student should keep 
a glass tube D (figs. 87^ 88, 89), 
which may 1 be fittecj upon the 
hydrogen sulphide apparatus in 
order to conduct the gas into a sj,ALt, Hydbogen sul 
solution. When a liquid is to be phide Apparatus. 
saturated with gas, the end of this 

tube should be passed down to the bottom of the vessel 
which contains the liquid. A regular stream of gas is then 
caused to bubble through the^liquid by gradually opening the 
clamp E (fig. 87), or the stopcock d (fig. 88) of the larger 
apparatus, or by introducing a suflSlcient quantity of acid 
into the larger bottle of the small apparatus (fig. 89). 

In order to avoid unnecessary waste of gas, the liquid 
should be of sufldcient depth to absorb much of the gas, and 
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the bubbles should not pass too fast to be readily counted. 
The passage of the gas should be continued for four or five 
minutes if the quantity of metal to be precipitated is large, 
and the liquid must smell strongly of the gas after the air 
above it has been blown out and the liquid has been shaken. 
The tube D must be thoroughly cleansed immediately after 
use. 

Liquid Hydrogen sulphide can now be purchased in metal bottles. 
When the valve of the bottle is slightly opened, a stream of the 
pure gas will escape. A store of ready-made hydrogen sulphide 
may be kept in this form, and the trouble of maintaining the 
apparatus for preparing the gas may thus be obviated. 

1128. Hydrogen sulphide Solution. — It will be found 
convenient to keep a bottle of distilled water saturated with 
hydrogen sulphide. This solution is prepared by passing a 
regular stream of the gas through water which nearly fills 
the bottle. On removing the bottle, closing its mouth 
tightly with the thumb and ^shaking its contents violently, 
no suction must be felt on the thumb, but a slight outward 
pressure : this proves that the water is saturated with the gas. 


Distillation of Water. 
u 

1129. As has been already stated (82), water ordinarily 
contains certain solid substances in golution, which render it 
in a chemical sense impure. Such water is therefore unfit to 
be employed for the processes of solution and of washing 
precipitates, since any impurity thus introduced into a sub- 
stance during analysis, would be considered^ when detected, 
to have been present in the original substance. 

The quantity of these impurities which is present in any 
particular water-supply will depend Upon the nature of the 
soil with which the water has been in contact before its 
collection. The water-supply in some districts will be found 
to be almost perfectly pure, when it is subjected to the tests 
for impurity (Z162, Remark 41 ). Rain-water which has 
fallen through pure air, an<i has been carefully collected, 
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will yield little or no indication of dissolved impurity. The 
water-supply to the majority of laboratories will, however, 
be found to be unfit for analytical purposes, until it has 
been freed from dissolved solid substances by being sub- 
jected to the process of distillation. 

In most towns distilled water can be purchased ; but it is 
preferable to distil all the water required for use, either in 
the laboratory itself or in its immediate neighbourhood. 
For this purpose steam is condensed by a block-tin worm- 
pipe, which is immersed in a tub through which a constant 
stream of cold water runs. The steam may be obtained 
either from a steam-boiler, or from a copper still heated by 
a furnace or gas-burner, or from the water-baths and steam- 
ovens in the laboratory, as is described below, . 

1130 . The Process of Distillation may be carried on con- 
tinuously in the constant still which is figured and described 
below. The sketch in figure 90 renders a lengthened descrip- 
tion of this still unnecessary. It represents the apparatus 
in section and about one-twentieth its working size; the 
side-feed to the boiler is about one-tenth its usual breadth. 

The water in the copper still (A) is heated by^the flame of 
a Fletcher-burner or of a large-sized Bunsen-burner, The 
steam thus generated passes from the top of the still through 
a spiral tin tube immersed in water in the condensing-tub 
(B), which is made of copper or of galvanised iron From 
this condenser the disftlled water flows into the large stone- 
ware vessel (C), which is furnished with a tap below from 
which the water may be drawn when required. The long 
syphon tube (CD) serves as a gauge to indicate the level of 
the water msiue the jar. 

The condensing-tub (B) is constantly supplied with cold 
water from a tap (G) ; this water flows through the funnel 
tube to the bottom of the^condenser. The overflow of hot 
water passes from the tube (H) at the top of the condenser 
into a side-feed for supplying the boiler. From the side-feed 
the excess of water flows through a central tube to a sink, 
as is shown by the arrow. 
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The spiral block-tin pipe in the condenser must be of suffi- 
cient diameter to prevent it from oflfering any obstruction to 
the free escape of the steam from the boiler. Every part of 
this tube must have a downward slope so as to prevent 
water from collecting in it, and the coils must be supported 
in position by a suitable framework of wood or metal, which 
prevents them from sinking. 


Fig. 90 . 



TJie copper still should be furnished with a broad lid 
screwing upon its mouth, for com'enieilce in removing the 
deposit which collects within. Into this lid a brass tube 
should be fastened which carries a screw-union. This union 
enables the tin condensing-pipe to be connected steam-tight 
with the still. 

By the above arrangement the still is constantly supplied 
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with the hottest water from the condenser through the side- 
feed, and the water in the still is always maintained at the 
level shown by the dotted line. 

When the apparatus has been properly fitted up and the 
supply of water has been duly adjusted, it is only necessary 
to light and extinguish the gas under the still when the 
distillation is started and stopped. It is advisable to remove 
the incrustation occasionally from the interior of the still, and 
from the supply-tube which connects the still with the con- 
densing vessel, by means of diluted hydrochloric acid. 

The wooden stands which support the still and the storing- 
jar may be conveniently fitted with shelves and doors so as 
to serve as store-closets. 

When such a copper still, measuring 23 inches in circum- 
ference below and 8 inches in height, is filled to a height of 
4 inches and is heated by the largest Bunsen-burner, it will 
yield about two litres of distilled water per hour. 

^ In laboratories which require a larger supply of distilled water 
than can be furnished by the above apparatus, a copper still of 
several gallons capacity may be set in masonry and heated by a 
small furnace fed with coal, coke, or gas. The overflow from the 
still-tub should then pass into a small cistern, the overfldw-pipe of 
which keeps its water-surface level with that required in the still. 
The still is supplied with hot water by connecting it with this cis- 
tern by means of a tube, which is \ent downwards in its middle so 
as to hinder the circulation of waiter between the still and the cistern. 


Distillation of Water through Steam- ovens. 

1131. The Distillation of Water may he combined with 
the Heating of Dfying-ovens to a temperature not exceeding 
100® 0. For this purpose one of the tiled recesses in the 
laboratory wall is furnished with a glazed projecting hood 
and with a good draught from the top. Into this recess the 
arrangement represented in figure 91 is fitted. It is drawn 
about one-sixteenth its full size, 

A copper boiler and a stoneware collecting jar are seen 
resting on the floor of the recess, while the set of double-cased 
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copper-ovens and the still-tub are supported on a strong iron 
grating above. 

The steam is generated by a powerful Fletcher-burner, and 
passes from the boiler through a pipe which terminates several 
inches above the bottom of the outer casing of the ovens. It 


Fig. 91. 



Automatic Water-Still and Steam-Ovens. 


then makes its way between and around the various ovens, 
and undergoes partial condensation in heating them. The 
hot condensed water, thus produced, flows through a pipe, 
the opening of which is flush ^ith tihe bottom of the oven 
casing, into the stoneware jar. From this jar hot distilled 
water may be drawn when the apparatus is at work. The 
pipe from the bottom of the oven has a U-bend which pre- 
vents the escape of steam* 

Any steam, which is not condensed in heating the ovens, 
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passes from the upper part of the oven-casiug into a block- tin 
worm inclosed in the tall still-tub. It is thus condensed, and 
drops as distilled water from the end of the worm-pipe into a 
second stoneware store- jar which is provided with a tap below. 
The level of the water inside this jar is shown by a syphon- 
gauge, such as that seen in figure 00. The coils of the spiral 
tin pipe must in all parts have a downward slope so as to 
cause the water to flow away rapidly ; these coils must be 
supported in the condensing- tub by a suitable frame in order 
to prevent them from bending down out of position. 

The still-tub is supplied with a stream of cold water from a 
pipe, in which is a control tap seen at the right-hand side of 
the figure. From the opposite side of the still-tub the heated 
condensing- water flows into a little feeding vessel attached to 
the side of the boiler : this is shown in section in figure 93. 
A portion of this hot water serves to keep up the water-level 
in the boiler to the dotted line shown in the figure, and 
the rest flows away into the drain-pipes through a central 
pipe which is seen in the feeding vessel (fig. 93). 

All the connections are made by means of screw- union 
joints ; the apparatus can, therefore, be quickly and easily 
disconnected for removing the incrustation in the boiler and 
on the condensing worm and for repairs. 

This apparatus may be allowed to run uninterruptedly for 
many days and nights in succession without any attention, 
after the gas burner has been lighted and the supply of 
condensing water has been regulated by the tap. It has for 
many years kept a large students’ laboratory supplied with 
distilled water, and has also furnished the necessary steam 
to the drying-ovens. 

It has been found possible to attain a higher temperature than 
that usually recorded in a steam-oven, by dispensing with the usual 
inlet for air through the doo^ The air is admitted through a 
narrow copper tube, one end of which is seen immediately beneath 
the door of the oven, and the other end opens flush into the middle 
of the bottom of the oven. The pipe itself is thus constantly sur- 
rounded with steam, and the air which passes through it into the 
oven enters at a temperature of nearly 100°. A small outlet for air 
is provided at the unner nart of the back of each oven. 
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It has also been found convenient to arrange that the doors of 
the ovens shall consist of metal frames in which a sheet of plate 
glass is fastened : this renders the contents of the oven visible with- 
out opening the door. 

An Improved Form of this apparatus, known as the Brown-still, 
has the bottom of the ovens converted into a shallow boiler, which 
is heated b^ a long Fletcher-burner. The condenser is mounted on 

^ INFLOW 



the top of the ovens and has a domed copper surface for condensa- 
tion, with a circular collecting trough at its bottom, as is shown in 
the sectional drawing (fig. 92). 


The Steam-oven 

1132 . The Steam-oven is a small oven of sheet copper, 
which is used for drying substances at a temperature not 
exceeding 100® C. (fig. 93, and fig. 57, 98 ). These ovens 
may be heated by steam from a separate boiler (fig. 91), and 
this method prevents the oven from being coated inside with 
incrustation and from being buriffc by tlie heating flame ; but 
the oven is often heated by water which is kept boiling in 
the space between the oven itself and the copper casing 
which surrounds it (fig* 98). The outer casing may have a 
circular opening cut in the top, which serves as a water-bath : 
this is covered by a lid when it is not in use (fig. 93 a). 
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The level of water in the jacket may be maintained con- 
stant by a contrivance which is shown in section at c (fig. 93) 
and by a special sectional drawing in figure 94. A small 
reservoir communicates by a lateral tube with the space 
between the oven and its jacket, and is constantly fed with 
water from a supply-tube (d) or from a water-tap. The 
overflow of this reservoir is a central tube, the end of which 
terminates above the level of the lateral tube. The outlet 
for steam (/, fig. 93), may be turned downwards, so that any 


Fig. 94. 



Water-Oven. Water- B^eed. 

water which is formed# by the condensation of the steam 
drops into the reservoir (c) ; or it may be made to communi- 
cate with the worm of a condenser, when the steam will be 
condensed into distilled water. 

The steam-oven*should if possible be supplied with soft water or 
with distilled water ; the formation of a troublesome incrustation 
in the interior is thus prevented. A raised vessel of distilled water 
may be connected with fhe si];|)ply-pipe (rZ), and the overflow may 
then be collected and occasionally returned to this supply vessel. 

Or better still, the escape-pipe (/) may be turned upwards and 
connected with a long vertical or oblique tube, which will condense 
the escaping steam and return it to the oven. This arrangement 
obviates the necessity of a constant supply of water. In this case 
the water in the oven should not be allowed to boil too vigorously, 
else the steam will not be completely condensed by the vertical tube. 
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RECOVEKY OF SILVER AND PLATINUM FROM 
THEIR RESIDUES. 


1133- Waste scraps of platinum and silver, and solutions 
and precipitates which contain these metals, should not be 
thrown away, but should be preserved in two large jars 
which are specially reserved for them, and are labelled Silver 
Residues and Platinum Residues respectively. Platinum 
chloride and silver nitrate may be obtained from these 
residues by the methods described below. 


Silver Residues. 

1134 Some HCl is poured into the jar which contains the 
silver residues, and the acid is thoroughly mixed with the 
contents of the jar. The precipitate is then allowed to sub- 
side, and, after the liquid has been decanted, this precipi- 
tate is thoroughly washed by decantation : it may then be 
treated either by paragraph II35 or II36. 

1135. The wet precipitate is rinsed into a flat shallow dish, 
and the layer of water is acidified with H^SO^. Strips of 
Zn free from f b are then laid upon the silver precipitate, 
and the whole is allowed to stand quietly ^or several hours. 
The black spongy mass which remains is metallic silver. 
This is separated from any remaining Zn, and is then washed 
until it is free from H^SO^. 

This metallic deposit is dissolved by heaSiing it with pure 
strong HNOg, which has been diluted with its own measure 
of water. The solution is eva^orate^l to dryness ; the solid 
residue is dissolved in water, and is once more evaporated 
to dryness in order to remove free acid completely. The 
residue is then dissolved in the proper proportion of water 
to give reagent 48 (1161}. Any residue insoluble in HNO3 
is returned to the silver residue bottle. 
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1 136. The well-washed precipitate which has been obtained 
from the silver residue bottle, after the addition of HOI in 
excess (1134), is filtered off and dried. It is then mixed 
with twice its weight of a mixture in equal proportions of 
K^COg and Na 2003 . This mixture is transferred to a clay 
crucible and is fused in a furnace. After the contents have 
been kept in a fused condition for four or five minutes, the 
crucible is removed and its bottom is tapped several times on 
a brick so as to cause the melted globules of Ag to unite. 
When the crucible is cool it is broken up, and the button of 
Ag is removed and well washed. It is then converted into 
AgNO^-solution, as is described in paragraph 1135- 


Platinum Residues. 

1137. The liquid in the Platinum residue bottle is shaken 
up with the precipitate, and the whole is evaporated to dry- 
ness in a porcelain dish. The residue is then heated strongly 
for some time. When the dish i^ cool, water is poured upon 
the residue and boiled with it, and is then decanted off. 
Solution of oxalic acid is now poured into the dish and 
evaporated to dryness, and the residue is once more ignited 
strongly. 

'l’'he residue of metallic Pt is thoroughly washed with 
boiling water, and is dissolved by heating it with HCl, 
to which one-tfiirjl its measure of HNO 3 has been added. 
The solution is evaporated to dryness over a water-bath. 
HOI is then poured in, and the liquid is once more evapo- 
rated to dryness and heated for some time on the water- 
bath. This residue, when dissolved in water, forms reagent 
28 (II61). 

Waste scraps of platinum foil and wire should be care- 
fully preserved. They are cfeansed by boiling them with 
HNO 3 and washing them well with water. They are then 
dissolved in a mixture of HOI and HNO 3 , and converted 
into solution of Pt 0 l 4 , as is described in the preceding 
paragraph. 
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CHEMICALS AND HEACENTS. 

In the Following Paragraphs general Directions are given for the 
preparation of the reagents and of the test-substances which are 
required in the preceding Analytical Course. 

Tabulated lists of the names and formulae of these substances 
follow the general directions. A reference number is attached to 
each substance, and certain necessary details concerning its pre- 
paration and the tests for its purity are also supplied. Lists of the 
chemicals which are required for the experiments in Sections I. and 
II., and of certain special reagents for detecting the Rarer Elements 
and Organic Substances, are also given. 

The pure chemicals which are required in analysis are readily pur- 
chased, and it will be found more economical as a rule to buy them 
than to prepare them. 

The preparation of the solutions, and the dilution of acids and 
other liquids, should, however, always be performed in the labo- 
ratory, since this lessens the cost both of purchase and of carriage. 

Substances suitable for analysis are suggested in paragraphs 
1168-1172. 

1138. Solution and Dilution. — Many reagents and test- 
substances must be dissolved or diluted before they are used. 
As these processes of solution and dilution must be constantly 
carried out in a laboratory, it is important that the methods 
employed should be as simple and rapid in execution as 
possible, in order that the expenditure of labour and of time 
should be minimised. 

It is also of great importance that the solutions should be 
of appropriate strength. It is usually advisable that the 
same liquid should be of difterent strengths when it is used 
as a reagent and as a test-solution. In either case a strength 
can be selected which generally yields the most satisfactory 
results. If the solution isstconge^ than this, chemicals are 
wasted ; if it is weaker than this, the reaction is not satisfac- 
torily obtained. Hence it is advisable to keep these liquids 
in readiness for the student, rather than to leave him to pre- 
pare them doubtfully or wastefully when they are required. 
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In order that the labour of preparing these solutions may be 
reduced to a minimum, it is well to make each solution in 
some quantity and to keep it in stock. 

1139. The Apparatus required for Preparing Solutions 

includes — 

A common pair of scales, with earthenware slabs and beam 
below 

A more delicate pair of ordinary scales. 

A set of brass weights from 1 kilogram to 1 gram. 

A strong glass measuring-cylinder to deliver 1 litre, and with 
graduations for every 5 or 10 cubic centimetres (c.c.). 

Several large wide-mouthed gallon jars, some of stoneware or 
earthenware, others of common green glass. 

Several large funnels of glass or of Wedgwood ware. 

A convenient Store-bottle for Liquids is a well-cleansed 
Winchester-quart, the bottle in which acids and other liquids 
are constantly supplied to the laboratory. 

The process of preparing liquid reagents is naturally 
divided into the Dilution of Liquids (1140)) the Solution oj 
Solids (II4I-II46), and the Solution of Gases (1147-II53). 


Dilution op Liquids. 

1140. In the Lists of Diluted Liquids which Follow, 
the proportions by measure, in which the liquids are to be 
mixed with distilled \?ater, are stated. Liquids may be 
mixed in these proportions by measuring them before they 
are mixed. But the process is often simplified by measuring 
the height from the bottom of the cylindrical vessel in which 
the mixture is to be made, to the level which the mixture is 
to reach. This height is then divided in the requisite pro- 
portion ; and the divi^on is marked by a file or a diamond, 
by a painted line, or by an fiidia-rubber ring. Each liquid 
is then poured in to its own level, and the liquids are 
thoroughly mixed by shaking the bottle. The mark, when 
once made, will always serve for diluting the same liquid 
again in the same vessel. 


3 ® 
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Thus dilute HCl, No. 2 (ll6o),is made by mixing strong 
HCl with three times its measure of water. The height of 
a Winchester-quart bottle from its bottom to its shoulder 
was found to be 8 inches. A mark was therefore made on 
the bottle 2 inches from the bottom, and strong acid was 
poured in until it reached this mark. The bottle was then 
filled to the shoulder with distilled water, and stoppered and 
shaken. It was thus quickly filled with dilute acid of the 
required strength. 

This method serves for numbers 2, 3, I, 6, and 7 (ll6o). 

In the preparation of dilute H^SO^ (1, Il6o) special pre- 
cautions are necessary, because the strong acid becomes 
heated by dilution, see Remark 1 (ll60). 


Solution of Solids. 

II41. In the Lists of Dissolved Solids which Follow, 

the proportions of solid to water, which are to be used in 
preparing each solution, are always placed in the Fourth 
and Fifth Columns. 

In some of the Tables the Fourth Column gives the number 
of grammes of the solid to be dissolved in the Winchester 
quart of water. This number 's derived from the proportion 
of solid to water, by considering that when an average 
Winchester-quart bottle is filled %bout an i‘nch above its 
shoulder, it holds 2400 c.c. (cubic centimetres), or approxi- 
mately 2400 grams, of distilled water. 

In a similar manner the weight of water held by any 
other bottle or vessel may be obtained with sufficient 
accuracy for this purpose by measuring its capacity in 
C.C., and counting this number as ^he weight of water in 
grams. ^ 

Thus the strength given for the AmCl reagent-solution. 
No. 5 (1160), is 1 : 8, as is shown in the Fifth Column. 
This means that a given weight of water must be made to 
dissolve one-eighth its weight of solid^mCK Bincea-Wia- 
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chester-quart bottle holds 2400 grammes of water, one-eighth 
of 2400, or 300 grammes, of AmCl must* be dissolved in 
this water in order to obtain a solution of the required 
strength. 

Pure solid chemicals are usually sold in the crystalline 
condition. Hence it may be assumed that the crystalline 
substance is to be used, unless (a), which signifies amor- 
phous, is placed against the name in the first column in 
the table. 

1142. If a Small quantity of a Finely-powdered Solid 
has to be dissolved, or it the solid is extremely soluble in 
water, the solution is often most simply made by introduc- 
ing the weighed solid at once into the water contained in 
a stoppered bottle or beaker, and then shaking or stirring 
the water until solution is completed. This method is 
successful with No. 10 (1160), with Nos. 28, 34, 38, 48, 53, 
Gl, 63, 70, 77, 78, 81 (1161, JI62), and with many of the 
substances in paragraphs II63, II64, 

1143. For Dissolving Large Quantities of ^Solids two 
methods are described below. The first ( 1144 ) is useful 
when the solution must be rapidly prepared, and is of general 
application to the solution qf solids ; but the second (II45) 
is decidedly preferable for many reasons, and should always 
be employed^if ^ossiblq. 

1144. Fihst Method.— -Weigh out the required quantity 
of the solid substance, and heat it with distilled water in a 
large porcelain dish over a Bunsen-burner with a rose top, or 
over a Fletcher-burner. 

This solution woul^ often crystallise as it cooled ; hence, if 
it is not clear, it should eitffer be filtered in a hot filter-jacket 
(see Note^ below), or it may be at once poured into some cold 
distilled water contained in a large beaker, which has been 
marked to show the quantity of liquid required to fill the 
store-bottle, While the liquid is being poured out of the 
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di3h, a wet glass rod should be held vertically and pressed 
against the lip of the dish, and the bottom of the dish should 
touch the top of the beaker. These precautions will prevent 
the liquid from running down outside the beaker. 


— The Filter-Jacket (fig. 95) is a double-walled conical vessel, 
which is shaped to fit the funnel, and which has a hollow projection 
(a) communicating with the interior of the jacket. Before the appa- 
ratus is used, it is about half-filled with water. The water is then 
heated to boiling by placing a Bunsen-flame beneath the projection 

(a), which is filled with water com- 
FiG. 95. municating with that in the jacket. 

In this way hot water will circulate 
throughout the copper jacket, and 
thus the funnel supported in it may 
be kept hot during filtration. 



The solution is now diluted 
with distilled water to the re- 
Filter-Jacket. quired volume, if this has not 
been done already: the liquids 
are mixed well by stirring ; and if the solution is turbid, it 
is covered and allowed to stand until it is clear. It is then 
poured off' into the store-bottle, the sediment being left 


behind. 

If the liquid is wanted in haste, it may be filtered intp 
the bottle. For this purpose a double filter or a fluted filter 
may be used. If the liquid is filtered before it has been 
diluted to the full extent, the quantity to hh passed through 
the filter will be lessened and time will be economised. 


The Operation of Filtration, as it is described for ordinary 
analytical purposes in paragraph 92, is veiry slow when a 
large quantity of a solid has to be separated from a liquid. 
This is partly due to the fineness of the pores of the filter- 
paper, and partly to the fact that the paper is in close contact 
with the sides of the funnel. 

Methods are described below which serve better for deal- 
ing with large quantities of material to be filtered, such as 
are used in the preparation of pure chemicals and of stock 
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solutions. It will be noticed that the method to be employed 
varies with the character of the solid. 

Gelatinous or Non-granular Solids are conveniently separated from 
the liquids which contain them, by filtration through a large surface 
of fine linen. 

One method for effecting this is shown in figure 96. The linen is 
first washed in hot water until it is free from glaze it is then placed 
in a large funnel and made to assume the shape of a bag, as is shown 
by the dotted line. The bag is kept in its place by pressing a ring of 
wood firmly into the top of the funnel, as is shov/n in shaded section 
When the filtration is finished, the bag may be squeezed so as to 
remove the adherent liquid more completely from the solid 

A simple modification of this method consists in making a square 
wooden frame about six inches across, and driving in a wire nail at 
each of its corners. The heads of the nails are then cut off so as to 
form four pins upon which the linen can be 
hung in the form of a bag. The funnel is Fig. 96. 

thus dispensed with. 

Granular or Crystalline Solids may be 
conveniently separated from the liquids 
which contain them, by means ofia circular 
perforated porcelain plate about two inches 
in diameter. 

The perforated plate is dropped into the 
funnel and remains about IJ inches from the 
apex of Its conical interior surface. 

The plate is then covered with a disc of Linen Filter. 
filter-paper or of linen, which should be very 

slightly larger than the plate. After the moistened filter has been 
pressed into clos-e contact with the inside of the funnel, the liquid 
which is to be filtered is poured upon the filter. Filtration will 
take place much more rapidly in this filter than in an ordinary 
paper filter which is in contact with the funnel by its whole suiface. 

1145* Second Method depends upon the fact that 
the specific gravity of water becomes higher as the quantity 
of solid dissolved ir, it is increased. Hence if the solid is 
immersed beneath t^e surface of the water, a circula* 
tion of the liquid is produced. The water which has been 
in contact with the solid, and has been increased in specific 
gravity by dissolving it, constantly sinks and is replaced by 
the comparatively lighter liquid from below. This circula- 
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tion of water over the solid substance gradually dissolves it 
without the use of heat, and the process requires no atten- 
tion after it has once been started. The process may be 
carried out as is described in (a), (b), or (c) below. 

(a) The most simple method of applying this principle is 
to lay the weighed solid upon a piece of dry well-washed 
muslin. This is then tied up into a little bag, and is sus- 
pended in the upper part of the water contained in a jar of 
common stoneware or earthenware or of thick green glass. 
A glass rod placed across the mouth of the jar serves to hang 
the bag upon. The process of solution by this method is 
very rapid. 

(b) A glass cylinder A (%.i97) which is open at both ends 
(such as a broken beaker, flask, or bell-jar) has one end 
covered with muslin, which is fastened on by an india-rubber 
ring and is shown by the lower dotted line. This cylinder 

with a muslin bottom is supported in the 
jar by means of two pieces of glass rod or 
tube, bent as is shown at c c c. 

Distilled water is poured into the jar 
until it buries the muslin to the depth of 
about half an inch. The weighed substance 
is then placed in the cylinder, and the wholf 
is allowed to stand until the solid has been 
dissolved. With large quantities of sub- 
stance this will usually require several hours; 
with smaller quantities about twenty minutes 
or half an hour will be necessary. 

(c) A convenient substitute for the glass 
cylinder with muslin bottom is an earthen- 
ware colander (fig. 98). If the ^ar isctoo large a stoppered 
bottle of suitable size may be placed in it so as to raise the 
water level sufficiently to reach the substance. 

The processes of solution and filtration may be performed 
simultaneously by laying a piece of filter-paper on the bottom 
of the colander, or upon the muslin before it is fastened on 


Fig. 97. 





Solution of 

SOLID. 




1146.] 


BY SOLUTION or' SOLIDS. 


471 


the cylinder. The presence of even the coarsest filter-paper 
will, however, considerably retard the process of solution. 

Large quantities of substance are most conveniently dis- 
solved by starting the process over night ; the solution will 
then be completed by the morning. In this case the retarda- 
tion caused by the filter-paper will be im- Fig. 98. 
material. The paper is, however, usually 
unnecessary; since any fine particles which 
have passed into the water will settleduring 
the night, and the liquid can therefore be 
easily decanted from the sediment. 

It must be borne in mind that the 
volume of the water is increased by the 
solution in it of a salt, and especially by 
salts which contain water of crystallisa- 
tion. Hence the quantity of water which Solution of 
is placed in the jar must be less than 
the volume of solution required, and the liquid must be 
made up to the required volume after the solution has been 
effected. 

1146. Preparation of Saturated Solutions ht Solids. — 

A solution is said to be saturated, when it contains the 
largest amount of the substance which the liquid can dis- 
solve at the temperatune of the solution. The quantity 
which can be dissolvecj usually varies widely with the tem- 
perature, and Tn the case of solid substances commonly 
increases with rise of temperature. Saturation is always 
understood to be eftected at ordinary atmospheric tempera- 
ture in the folljOwing text. 

The methods described in paragraph II45 are very con- 
venient for the preparation of saturated solutions. The solu- 
tion is known to be Satur^ed when the solid supplied to the 
upper part of the liquid ceases to be any further dissolved. 

In the case of a finely-powdered substance, which will 
remain long suspended in water, a saturated solution may 
be easily obtained by shaking the powder up well wdth 
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water. The powder is then allowed to subside, and the 
clear solution is decanted. The following solutions may be 
prepared in this way. 

1 . Calcium sulphate Solution, No. 16 (ll6o), is made by 
filling a Winchester-quart up to its shoulder with distilled 
water, then pouring in some plaster of Paris powder, 
stoppering the bottle, and shaking it well. The liquid will 
remain milky for a long time ; and since the water is thus 
kept in contact with a large surface of the solid it will 
become saturated with CaSO^ before the powder has 
settled. 

As soon as the liquid has become perfectly clear by 
settling, the solution is decanted into another bottle for use. 
The sediment remaining in the first bottle is again shaken up 
with a fresh quantity of water and the bottle is set aside. 
It will then furnish a fresh supply of the clear solution when 
necessary. 

2. Lirm-water, No. 57 (ll63), is prepared by introducing 
freshly-slaked lime into a Winchester-quart bottle, filled to 
its shoulder with tap-water, and proceeding precisely as is 
described fdr the preparation of calcium sulphate solution in 
the preceding paragraph. 


Solution of Gaj^es. 

1147 . Many gases, which are more or less soluble in 
water, are most conveniently applied as reagents in the 
dissolved condition. Those solutions which are most fre- 
quently used, such as solution of ammonia, of hydrogen 
chloride and of sulphur dioxide, can be readily and cheaply 
purchased. « 

Of the remaining gaseous solutions, hydrogen sulphide 
solution should be kept in readiness, but the gas may be 
passed through the test liquid instead (II27) ; nitrogen 
tetrozide solution is replaceable by a freshly acidified solu- 
tion of potassium or sodium nitrite ; and as a substitute for 
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chlorine- water, either bromine- water, or freshly acidified 
solution of bleaching- powder may be employed. 

It will be seen, therefore, that the preparation of gaseous 
solutions is by no means indispensable. 

1148. Preparation of Saturated Solutions of Gases. — All 

the solutions of gases ( 1 149-II53) should be prepared in the 
open air or under a good draught, since the gases have an 
unpleasant smell and are injurious when inhaled. 

Each gas is made to pass from the generating apparatus 
down a delivery-tube {a 6, fig. 99) to the bottom of some cold 
distilled water, contained in a bottle which can be closed by 
a well-fitting stopper. The water is kept cool, if necessary, 
by immersing the bottle in a pan of cold water. Bubbles of 
gas are thus made to pass in a rapid 
stream through the whole height of the 
liquid, and a portion at least of each 
bubble is dissolved. 

The solution is saturated as soon as the 
gas is not further dissolved. This may be 
judged in some cases by observing whether 
the bubbles cease to diminish in size during 
their ascent through the liquid. But a 
better test of saturation consists in with- 
drawing the delivery-tube, at once closing 
the bottle with the stopper or the thumb, 
and shaking it well. If pressure is felt from within, due to 
the liberation of some of the dissolved gas by the agitation, 
the solution is saturated. But if suction from within is 
felt, due to the gas filling the upper part of the bottle being 
dissolved, the liquid is not yet saturated with the gas. 

1149. Saturated solution of Hydrogen sulphide (No. 36, 
II61) is made by passing the gas from the apparatus de- 
scribed in paragraph 1 12$ through water (fig. 99) until the 
liquid is saturated (II48). The solution should be prepared 
in small quantity only, since the gas gradually undergoes 


Fig. 99. 
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decomposition, attended with deposition of sulphur, by 
oxygen dissolved from the air. 

1150. Sulphurous acid Solution (No. 49 , Ii6l) is pre- 
pared as is described above (1148) by saturating water with 
sulphur dioxide gas. The gas may be made in the apparatus 
shown in figure 100 by the process described in paragraph 63. 

This solution is kept in stock for pharmaceutical purposes, 
and may therefore be readily purchased. Liquid SO^ may 
also be purchased, and the gas which it evolves by spontan- 
eous evaporation, when the valve is opened, may be employed 
for preparing the saturated solution. 

1151. Ohlorine-water (No. 60 , 1162) is made by passing 
chlorine into cold water until the liquid is bright yellow in 
colour. The apparatus for preparing the gas is shown in 

figure 100, and the process 
of preparation is described 
in paragraph 59. The 
gas may also bo obtained 
from a cylinder of liquid 
chlorine. 

Chlorine-water is rapidly 
changed in daylight into 
solution of hydrochloric 
acid, with escape of oxy- 
gen. Tiie liquid must 
therefore be kept in a 
perfectly dark closet, or 
in a bottle which is 
shielded ^rom light by an 
Pbepabation op Chlobine Watee. opaque covering. 

^ For many purposes 
bromine-water (No. 43 , 1161) may be substituted for chlorine- 
water, and is much more easily prepared and preserved. 
Another substitute for chlorine- water is a little bleaching- 
powder shaken up with water in a test-tube^ and acidified 
with dilute HCl. 


Fig. 100. 
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1152 . Nitrogen tetroxide Solution (No. 71, 1162 ). — 
Lead nitrate in dry powder is heated in a test-tube fitted 
with a cork and delivery-tube (fig. 101). Tlie reddish-brown 
gas which escapes is passed into dilute H^SO^. 

Care must be taken to maintain the heat uniformly after 
the fumes begin to be evolved, else the liquid may be sucked 
back into the hot tube by the contraction of the gas on 
Fio. 101. Fig. 102. 



Solution op Nitrogen ^ Passing Silicon 

Tetroxide. Fluoride into Water. 

cooling. For the same reason the delivery-tube must be 
removed from the liquid as soon as the heating is stopped. 
This solution need not be saturated with the gas. 

1153 . Hydrofluosilicic g,ciil (No. 35, Ii6l) is made by 
passing silicon fluoride ^as into water. The gas is prepared 
in a flask fitted jfe is shown in figure 100. An intimate mix- 
ture of 50 grammes of dry, pure, finely-powdered fluorspar 
with 50 grammes of flne wliite sand is poured into this flask ; 
300 grammes of strong are then introduced through 

the funnel tube, and the acid is mixed with the powder by 
shaking it round in the flask. 

SiF^ is evolved when the^flask is heated by a small flame 
from a rose-burner. The gas passes first through the two- 
necked bottle (fig. 100 ), which must be empty and dry inside. 
Thence it escapes through a bent tube ab (fig. 102 ), which 
is fitted upon the outlet tube of the bottle by an india- 
rubber joint. The end of the tube (flt 6 ) dips into mercury 
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contained in a small beaker d (fig. 102), which stands in a 
large beaker containing 400 c.c. of water. 

As soon as the silicon fluoride gas escapes from the mer- 
cury, and comes into contact with the water, it forms hydro- 
fluosilicic acid which dissolves in the water, and silicic acid 
which remains suspended in the water as a gelatinous mass. 
The silicic acid would soon stop the escape of the gas, if 
the end of the delivery-tube were not protected from con- 
tact with water by being immersed in mercury. 

When the current of gas slackens, the heat is raised until 
white fumes of H^SO^ begin to appear in the preparation 
flask. The process is then arrested, and the gelatinous matter 
is separated from the liquid in the beaker. This is effected 
by squeezing the liquid through fine muslin, and then filter- 
ing, if necessary, to make it quite clear. The silicic acid may 
be dried, heated strongly in a porcelain dish, and put by in 
a stoppered bottle for use as a reagent (No. 86 , II62). 


STORE-JARS AND BOTTLES. 

1154. Stock of Solid Chemicals. — The broad-necked 
common green-glass jars with flat stoppers, which are used 
for preserves and confectioherjr, may be used as store-j^rs 
for large quantities of solid chemicals. Th^se jars are very 
cheap and strong, and present the sCd vantage over stoneware- 
jars that the quantity of material which they contain is seen 
at a glance. The flanged stoppers exclude dust and can be 
made air-tight by fastening a cork ring around their lower 
part. The complete exclusion of air is,* however, seldom 
necessary. These jars can be purchased in several con- 
venient sizes. Solids are readily ]|2emoved from them by 
means of wooden spoons or hotn scoops. 

II55‘ Solids for Analysis. — The little white glass honey- 
jars with glass caps serve well for keeping smaller quantities 
of solids, and can be made air-tight by means of a cork strip 



1156, 1157.] FOE CHEMICALS AND EEAGENTS. 


477 


fastened round the neck. These jars serve for storing the 
solid powders which are required for analysis in the labora- 
tory ( 1169 - 1172 ) : their necks are of the necessary width 
for the insertion of an ordinary watch-glass to remove 
substance. 

1156. Reagents and Test-solutions. — Well-made German 
white-glass bottles can be purchased for the Reagents and 
Test-solutions. These bottles have flat-headed stoppers which 
protect the lip from dust, and each stopper has been ground 
into the bottle so as to ensure its fitting. Stopper and bottle 
are then prevented from permanently parting company by 
having an identical number etched upon them. 

Accurately fitting glass stoppers should not be used in 
bottles containing solution of KHO or NaHO, as they are 
certain to be set fast. The use of a loosely fitting glass 
stopper, made to fit by surrounding it with a piece of 
rubber tube, obviates this difliculty. 

The liquid Bench-reagents (l*6o) may be kept in narrow- 
necked bottles of 6 or 8 ounces capacity, and the solids in 
4-ounce broad-necked bottles. The General reagents (1161, 
1162) should be in 12 -ounce bottles. The TesC-solutions 
(1163, 1164) require larger bottles of about 32-ounce capa- 
ci'^.y : these solutions may be^ kept in stock in Winchester- 
quart bottles, • 

) • 

1157. Stock Bench-reagent Solutions. — The Bench re- 
agent solutions (1160) may be conveniently kept in stock in 
an accessible position in the laboratory in large white-glass 
jars with glass taps below. These taps are ground into a 
tubulure near the bottom of the bottle. After the perfectly 
dry tap has been greased and inserted, it is fastened in the 
tubulure by applying externally a thick coating of parafl&n 
wax. The plug and seat of the stopper require to be occa- 
sionally perfectly dried and then greased. This arrange- 
ment of the stock enables each student to fill his own 
bench-bottles when necessary. 
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Labelling Bottles. 

1158. Every Bottle in use in the Laboratory should be 
Labelled. Beginners are much assisted if the label bears not 
only the name but also the chemical formula of the substance 
which is contained in the bottle. It is also convenient to 
legibly number each bottle in the series. This number 
serves as a short means of reference. It also helps to keep 
the bottle in its place, so as to ensure its being easily found, 
if the edges of the shelves are numbered to correspond with 
the bottles which should stand on them. 

The gummed labels should be stored in a dry place. 
When the label is used, the whole of the gummed surface 
should be wetted and made to adhere to the bottle by pres- 
sure with a clean cloth. The label is then allowed to dry 
thoroughly, and is protected by being brushed rapidly across 
with an ordinary broad flat and stiflf gum-brush, which has 
just been taken out of a d’sh of melted paraffin -wax. A 
thin coating of the wax is thus made to entirely cover the 
label and to project for a short distance beyond its edge 
upon the glass surface. 

A little practice will render it possible to lay on an even 
layer of the wax, which does not penetrate and stain the 
paper. If the paraffin is heated only slightly above its 
melting-point it will set too rapidly to penetrate and stain 
the paper. 

This paraffin varnish, if properly applied, perfectly resists 
the action of water, acids and alkalis. In fact, it can only 
be removed or injured by mechanical mea^, by heat, or by 
such solvents as ether and turpentine. 

Bottles containing the strong mineral acids commonly have 
the name or formula etched ppon their surface. This is 
costly and it is unnecessary, since the paraffined paper label 
resists the action even of strong acids. 

Names and formula painted on bottles with Brunswick 
black are also permanent in the laboratory. 
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LISTS OF REAGENTS AND CHEMICALS- 

1159, In the Following Lists (1160-1165) each Reagent 
and Test-substance, which is required in the preceding 
‘Analytical Course, will be found. 

In the First Column of the Table is a number which may 
be used for reference, and which serves to keep the bottle 
in its place on the shelf. 

In the Second Column stands the name of the substance, 
and in the Third its chemical formula. 

The subsequent columns give the strength of the solution, 
and the details of its preparation are added if the general 
methods described in paragraphs I140-II46 do not apply. 

An “ s following the reference numbers in paragraphs 
1163, 1164 means that the substance is required in the 
solid state as well as in solution. A 4-ounce bottle con- 
taining some of the powdered iolid should be placed near 
the bottle which contains the solution. 

The directions for preparing liquid reagents ^ave been 
already given in paragraphs II40-II53. is only necessary 
t ^ add, that in stating the proportions of solid or liquid to 
water, required for the preparation of the solutions, the 
water alwayssstands lasj ; and that (m) signifies proportion 
by measure of liquids to water, and {w) proportion by weight 
of solids to water. 
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ll6o.— Beaqents required 


1. 

Reference 

number. 

1 

Name. 

[The numbers In brackets refer to remarks corre- 
spondingly numbered in the sixth column.] 

8. 

Formula. 

Liquids. 

1. . 

Sulphuric acid Ob • • . • . 

HaS04 . 

2. ••• 

Hydrochloric acid Ob 

HCl 

2. . 

Nitric acid (*b 

HNO, . 

4. 

Acetic acid Ob m« m. m. ... 

( HA, or ) 

K. . 

Ammonium chloride Ob . . • • 

\ MU2U3O2 1 

NH4CI . 

6. 

Ammonia, or Ammonium hydrate (*), 

NH4HO ... M. .M 

7. . 

Ammonium sulphide 0)» .... 

(NH 4 b 8 . . . 

8. 

Ammonium carbonate ... 

(^^^4)2^^! *»• ••• 

9. , 

Ammonium oxalate, 

(Nn4)2CaOv n.jO . 

10. ... 

Potash, or Potassium hydrate 

KUO 

11. . 

Potassium chromate, 

K2Cr04 . . • 

12. ... 

Po^sium ferrocyanide, ... ... ... 

K4F6Cy5.3Il2^"' ••• 

13. . 

* Potassium ferrlcyamde 0), . • . . 

KsFeCye 

14. ... 

/ 1 Sodium phosphate (>•), or \ 

•j Hydric disodic phosphate, or m. 

Na2HP04 12H2r- ... 

16 . . 

1 Hydrogen disodium phosphate, ) r 

Sodium carbonate, . . « ( • • 

rNa^COj IOH2O (crystals) 

16. ... 

Calcium sulphate, ... ... 

CESO4 ... ... ••• 

17. . 

Barium chloride, 

BaCla.2H20 . 

Solids. 

18. ... 

Sodium bicarbonate m. 

NaHCO, 

19. . 

Borax 0*), * 

Na2B40y 

20 . ... 

Potassium chlorate, ... .m ••• m. ... 

KCIO, ... M. ... 

21. . 

Test papers, . • . * , 

. 

22. ... 

Reduction nilxtime (m) C* 

NaijCOs+KCN 


* TliU reagent undergoes decomposition by exposure to light, and must not be kept 
t Hydrogen sodmra ammonium phosphate (NaAmHPO)* solution serves better lor 
given above for Xaj,HP04 • 
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near a window. Dissolve a fragment of the solid (No. 93) each time it is requirecL 
precipitation of Mg than does Na 3 i;lF 04 solution : it is prepared of the strength 


31 
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Il6i. -Eeaqbnis fob Gbnbral Usb, 

Except in large laboratories, it will be unnecessary to keep these 
in the laboratory, may be made up to the right strength, as soon as they aie 


1 . 

2 . 



8 . 


B^erence 

number. 

Name. 





[The small numbers in brackets refer to remarks 
correspondingly numbered m the fifth column ] j 

Formula. 


25. . 

Sulphuric acid 



H 2 SO 4 . 


26. 

Hydrochloric acid 0 * 


.. 

HCl 


27. 

Nitric acid (»)• . 



HNOj . 

, 

28. ... 

t Platinum chloride 

... 

... . 1 . 

PtCL 


29. . 

Alcohol, Eectified spirit 0^ . 



CjHbO . 

, 

80. ... 

Tartaric acid 0*) 

... 



H 2 T or H 2 C 4 H 40 f 

aaa 

81. . 

Acid sodium tartrate, Hydric sodic tartrate ( 20 ) 

( NaHT.HQO 
(NaHC4H40e.Ha0 


82. ... 

Slaked lime (^‘) 

... 



Ca(flO )2 

e»* 

88 . . 

Acetic acid (<)* . 

. 

, , 

HA or HC 2 HaOa 

. 

84. ... 

Cobalt nitrate (W) 

... 

... ... 

Co(NOa )2 6 HaO 


86 . . 

Hydrofluosilicic acid p) 

, 

, , 

H 2 SiFe . 

. 

86 . ... 

/ Sulphuretted hydrogen solition 
( Hydrogen sulphide 

}(*') 



H 2 S-Bolution ... 

•M 

87. . 

Oxalic add 

• 

• 

I H 2 O. 2 H 2 O ) 

tH2C204.2H20 f 

• 

88 . 

Potassium sulphocyanlde ... 

... 



KCyS 

att 

88 . 

Potassium nitrate 

. 

. 

KNO, . 


40. ... 

Lead acetate (**) ... «. 


... 

(Fb^-aHjO 
{ Pb(j^Ha02)a.3H20 


4L . 

Sodium acetate . 

. 

• 

j Na^ 8 H 20 

1 NaC2Hs02.3H20 


42. ... 

Potassium cyanide (>*) ... 

... 

... 

KCy,orKCN ... 

tat 

48. 

Bromine-water (*oi - 

« 

, 

Br-water 


44. M. 

Stannous chloride ... 

.k 



SnCls. 2 H 20 ... 


46. 

Copper(») 

. 

• . 

Cu 


46L ... 

Zinc (M) ... 

•M 



Zn 


47. . 

Steel (*i) .... 

• 


Fe 


48. ... 

Silver nitrate 

... 

... ... 

AgNO, 

tt* 

49. . 

Sulphurous acid 

« 

, , 

HjSOi . 


60. ... 

Copper sulphate 

... 



CUSO 4 . 6 H 2 O ... 


61. . 

Magnesium sulphate . 

• 

• • « 

MgS04.7H20 . 


62. ... 

Mercuric chloride ... 

... 

*•* •»% 

HgClj ... ... 


68 . . 

Gold chloride . 



Aua* . 


64. ... 

Ammonium acetate 

... 

••• ... 

—c— — 

Ami 

eia 


* See last column on the preceding page. 

t Must be used in very small quaniity only, being an expensive reagent. 
t Sodium hypochlorite (NajCIaO), the “Liquor Sodse Chlorinata” of conmejco 
may be ussd^ but docs not keep well 
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reagents in store in quantity. The 12 oz. bottles in which they are contained 
empty, by the proportions stated below in column 4. 
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1162.— Reagents foe General Use, 

Befer to the statement under 


l. 

2 . 

1 

Reference 

number. 

Kame 


[Tlie small numbers in brackets refer to coire- 

Formula. 

spending numbers in the fifth column ] 


67 

Lime water ...... 

Ca(HO )2 

58. ... 

Lead acetate in potash (’ 2 ) 

PbAj+KHO 

69 . 

rotassium drchromato .... 

• • • 

00 .. 

Chlorine water 

Cl-solutiou ... ... 

61 . 

Ferric chloride 

Fe^CIa . . . 

62 ... 

Ferrous sulphate ('*^) 

FeS04.7Hp 

63 . 

Potassium iodide ..... 

KI . . . 

64 ... 

Starch (s®) 



65. . 

Indigo-solution (^o) 


66 . ... 

Manganese dioxide 

MnOj ... .M 

67 . 

Potassium dichromate (®**) .... 

K^Cr^O; ... 

68 . . 

Ether (methylated) 

(C2H5>,0 

69 . 

Carbon disulphide . . < . . 

CS 2 

70 ... 

Potassium nitrite (3®) 

KNO 2 

71 . 

Nitrogen tetroxide solution .... 

N 204 - 8 olution . . 

72 ... 

Ammonium molybdate (<®) 

(NH4)HMo04 

73 . 

Calcium fluoride 

CaF 2 . . . 

74 ... 

Potassium disulphate 

j Microcosraic salt, or . . ) /.n \ 

KHSO 4 

NaAmHP 04 4 H 2 O . 

75 . 

t Hydric ammonic sodic phosphate p'* * 

76. ... 

Wax, or paraffin 

•• 

77. . 

Calcium chloride 

CaCl 2 CH^O (crystals) 

78. ... 

Potassium chloride 

KCl 

79. . 

Marble , 

CaCO, 

80*. ... 

Distilled water (♦’) 

F.O 

81. . 

Pure sodium hydrate (<*), pure soda ' . . ' 

NaHO 

82. ... 

Fusion mixture («) 

Na2C03-hK2^^i 1 

88 . . 

Banum carbonate 

BaCOj 

84. ... 

Solution of sodium acetate in dilute acetic acid ('®) 

NaA'+HA 

85. 

Sodium nitrate solid, .... 

NaNOa 

86 . ... 

Silica, or finely powdeied wliite sand ( 1153 ) • 

- SiOo 

87. . 

Hydrofluoiic acid (••^) .... 

■ HF 

88 . ... 

Zinc sulphate (See No ill) , , , 

ZnSO^.THgO 

89. 

90. ... 

Calcium carbonate, pure [ 970 ) 

Ammonium chloride, puie, 111 powder (xo3i) 
Barium peroxide, in fine powdtr 1 

CaCO. 

NH 4 CI 

91. 

BaOf 

92. ... 

Alcohol, sp gr, 0 83 

CaHjO 

93. . 

1 Potassium feiilcjaiiide, solid, in siualU 

94. ... 

\ pieces (n 6 o 13) / 

KsFeCye 

Lead nitiate, lu small pieces 

Pb(NOj)a 



-mil 



• Noi. 80-94 are certain special 
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FOR THE Detection of Acid-radicles. 
the heading of paragraph ii6i. 


I 


Proportion by weight of 
solid to water . and 
weight in grams for a 
18 oz. bottle in 
square brackets. 


. See (1146) 

. 1: 24 [20 grams]. 

... See (nsO- 
. 1 . 24 [20 grams]. 
... Solid 

, 1 : 60 [8 grams]. 
... Solid. 

... Solid. 

. Solid. 


32. 

33. 

34 


35. 


... 1 * 24 [20 grams]. 

* See (115a). I 

|3G 

. In powder | 

... In small pieces. , 38 

I39. 

. In small crystals | 


.. Solid in pieces. 

. 1: 12 [40giam8]. 

.. 1:12 [40 grams]. 

. In pr ''es as large as a pea 


Remarks. 

[The numbers In this column refer to corresponding 
numbers m the second column]. 


To some of the PbAA solution (No 40) KHO solution is 
added until, on warming, the precipitate at first formed 
IS just redissolved paper dipped into this liquid is a 
very delicate test for HjS (51*) 

The solution should not contain any free acid : to re- 
move acid AmHO is added until the further addition 
of a ginjle drop gives a reddish-brown precipitate of 
FeoHfiOfl in the solution. 

FeS04 solution rapidly oxidises in the (am, hence the 
FeS04 should be kept m the solid state as small green 
crystals, which should net sliow a yellow coating in 
any part, these are dissolved when required by 
crusliiug and shaking with cold water 
Starch solution rapidly changes, it is best therefore to 
keep the starch as a powder Starch solution is made 
by stirring 2 grams of this powder, ivhich has been 
made into a paste with 10 c c of cold water, mto 100 
c c. of boiling water and cooling. 

Made by dissolving indigo-carmine in water. 

Should be kepi jin fine powder , it must not evolve Cl or 
CO2 when warmed with strong H2SO4 . 

In small pieces, or in powder 
The solution is prone to change, and should be made in 
small quantity only it must evolve c^ioiis red fumes 
when mixed with H2SO4 ^ 

Make the solution with the following proportions 1 
gram of Am2Mo04 is dissolved in 12 5 c c. of strorg 
AmHO which has been previously mixed with an equal 
quantity of water, the solution is allowed to stand (if 
necessaiy)ttill clear, then poured off into 60 c.c of 
strong HNOs’ the liquid will become hot, and should 
be allowed to stand until it is cool before being used. 


j 

40 a. The HNO3 solution of this salt must yield no precipitate with AgNO^ 

41. Must leave no residue on evaporation , in separate portions no precipitates 

must be caused by BaCl2, AgNOs, or Am2C204, neither must any precipi* 
tate or even dark coloration be produced b> addition of Am2S 

42. The proportion by weight should be 1 10 of water , it is best kept in green 

glass bottles, as it slowly dissolves Pb from white flint glass. The solution 
must not become dark in colour when mixed with H2S, nor give a gela- 
tinous precipitate Al2(HO)8 when mixed with excess of AmCl solution. 

43. Diy finely powderea ^a2C03 and K2CO3 are intimately mixed m the propor- 

tion of 6.3 69 by weigh't, and kept' in a stoppered bottle 

44. Pure powdei ed BaCOj yi either purchased, or is made by precipitating Badg 

solution completely with AiJiCOs or Na.2C03 solution, and washmg the 
precipitate well uy aecantation. This powder Is then mixed with distilled 
water to the consistency of thin cream. 

45I Dissolve 20 grams of NaA m 60 c c.of distilled water, and add to the solution 
40 c.c. of strong HA. 

46. Made by neutralising strong hot Na^jCOj solution with HNO| and evaporat- 

ing to dryness Sold also as Clilll saltpetre. 

47. Purchased and kept in gutta-percha bottles. 


reagents entered apart. 
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TEST SOLUTIONS FOR 


[ 1163 , 


1163. — Solutions foe the 

Each bottle should bear on its label the number, name, and formula of 
solid of each of those substances whose number has a small (s) affixed to 
bottles should also carry on their label the name, number, and formula of the 


1. 

2 



3. 


Ecferenoe 

number 

Name. 



Foimula. 


[The numbers In brackets refer to similarly 





numbered remarks m the last column ] 




lOO.s . 

Potassium chloride 



KCl , 

, 

101 8 ... 

Ammonium chloride . 



AmCl ... A. 

... 

102 s. . 

Sodium chloride 



NaCl . 


108.S. ... 

Magnesium sulphate 



MgSOiTHaO ... 


104. . 

Banum chloride .... 



BaCl2.2H20 . 


105. ... 

Strontium nitrate 



Sr(N08)2.4H20 

••• 

106. . 

Calcium chloride 



CaCl2>6H2^ * 

• 

107 8. ... 

/ Alum, or \ 

\ Alummium sulphate / 

... 


AWSO.), ... 


108. 

Ferric chloride (a)* 



F 62 Clg . . 


109.8. ... 

Ferrous sulphate (<®) 

... 


FeSOgTHjO ... 

•If 

110,8. . 

j Chrome alum, or 

1 Chromium potassium sulphate ) 



CrK(S 04 ) 2 . 12 H 20 


Ills ... 

Zinc sulphate 



ZnSOg.rHjO ... 


112.8. . 

Manganese chloride (a) 



MnCl* . 


113.8. ... 

Nickel sulphate ' . 


... 

NiS04.7H20 ... 


114. . 

Cobalt nitrate .... 



Co(NO,)2.6H20 


116.8. ... 

Mercuric chloride 



HgClj 

... 

116.8. . 

Lead acetate (<») .... 



, I^bAa-SHgO . 


U7.I. ... 

Bismuth nitrate (*^) 


... 

Bi(N08)3.5H20 

... 

118.1. . 

Copper sulphate 



Cu804 .6H20 . 


119.8. ... 

Ca^ium sulphate (a) 



CdS04.4H20 ... 

••• 

ms. . 

j Arsenious oxide (a) ) 

i Solution in dilate HCl 1 ' 

• 

• 

AS 2 O 1 • • 

• 

120 . ... 

f Anenious oxide (a) (»*) 





1 Solution in water 





121 .B. . 

Sodium arsenate 


, 

Na2HA804.12H80 

, 

122 . 8 . ... 

Antimonious chloride (*3) t 

... 

... 

Sba, 

... 

123.8. . 

Stannous chloride (*<) . . 

. 


SnCl2.2H20 . 

• 

124. .. 

Stannic chloride (“) 

... 


Sna4 


125. . 

Silver nitrate .... 

. 


AgNOs . 

• 

126. ... 

Mercurous nitrate (*«) 

... 

... 

Hg2(N0,)2.H20 

... 


* a signifies that the solid substance li 
+ SoHd SbjOj or K(SbO)T (Tartaar emetic) 





THE REACTIONS OF THE METALS. 


Reactions op the Metals. 

the substance. A small 4 oz. wide-mouthed bottle, containing the powdered 
it, should be kept near the corresponding solution. These wide-mouthed 
substance. 


Weight of solid In 
grams to be dissolved in 
one “ Winchester.” 

Proportion by 
weisht of 
solid to 
water. 

, 100 . 

1 • 26 

... 200 

1 : 12 

60 . 

1 . 60 

... 50 

1 60 

. 25 . . 

1 : 100 

... 300 ... . 

1 ; 8 

• 200 (in crystals) 

1 : 12 

... 100 

1 : 6 

. 25 . 

1 100 

*'• 25 , 

1 : 100 

. 60 . . 

1 . 60 

... 25 

1 • 100 

. 26 , . 

1 • 100 

... 60 

1 . 50 

. 60 . 

1 . 60 

... 60 

1 ; 60 

. 60 . 

1 60 

25 

1 : 100 

. 60 . . 

1 : 60 

... 25 

1 : 100 

. 10 . . 

1 : 250 

. 60 . .' 

1 : 60 

... 25 

1 • 100 

. 26 . . 

1 : lOOi 

25 . . 

1 ; 100 

26 

1 : 100 


numbers In brackets in the second column.] 


4S The solution must be made acid with a little 
n^SOi. and some clean iron nails kept in it; or 
better, a small quantity is freshly prepared 
when retired, see No. e 2 (ii6a) 

49. A little HA must be added to this solution to 
make it clear 

CO. 25 grams of Bi(N 03 )a must be dissolved by heat- 
ing with 25 c c of strong HCl diluted wth 26 
of water; this solution is cooled and poured 
int ' the bottle, and the measure made up by 
pouring in dilute HCl containing one-twentieth 
of its volume of strong HCl 

61 Dissolve 10 grams of AsjOs by heating it with 
60 C.C. of strong HCl mixed with 60 c.c. of 
water, and dilute to the W^chester-quart 

f )2 Boil excess of A 820 j for several minutes with 
2000 cc. of water, and filter into the quart- 
bottle. J 

53 28 grains of crystallised SbCh are dissolved in 

?6 C.C. of strong ECl mixed with 26 c c. of 
, water, and diluted to the quart t with HCl 
mixed with four times its measure of water. 

54 Boll 26 grams of SnClj with 60 c c. of strong 

HCl mixed with 60 c c of water, as soon as it 
has dissolved to a clear solution dilute to the 
quartt. Scraps of 8 n must be kept in the 
bottle. 

65. Heat 26 grams of SnCl^ with 25 c.c. of strong 
HCl and 100 c c of water, whilst constantly 
stirring, add KCIO 3 to the hot solution until 
the liquid tumS yellow and Cl is smelt, boil 
off the Cl and dilute to the quartf. 

56 Dissolve by warmmg 25 grams of Hg 2 (N 03 )j 
with 6 c.c. of strong HNOs dUuted with 114 
o.c. of water, then pour water into this solu- 
. tlon until it is diluted to a quartf. Keep Hg 
in the bottom of the bottle. 


sot in the crystalline condition, 
may be used for the blowpipe reaction, 


Z Winchester-quart 
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TEST SOLUTIONS FOR 


[ 1164 , 


1164. Solutions for the 


Refer to the note at the head of the preceding Table, which is also 
amongst the reagents (1160-1162) and the solutions for the reactions of 


1. 

Reference 

Number. 

2. 

Name. 

[The small numbers In brackets refer to the corre- 
sponding numbers iii the sixth column.] 

3. 

Formula. 

130. . 

Sodium sulphate . 




Na2S04.1QH20 . 

1318. ... 

j Sodium carbonate (®0 

( Marble (calcium carbonate) (”^0 


... 


NaHCOi 

CaCO, ( 

132.8. . 

( Ferrous sulphide (*“) 

( Ammonium sulphide (*®«) 


- 

. 

FeS 

Am2S 

133 8. ... 

Acid sodium sulphite ... — 

... 



NaHSO, 

134. . 

135. ... 

Sodium thiosulphate . 

Sodium hypochlonte (*“) ... 



M. 

Nao3203.6ll20 . . 

NajCljO 

136 8. . 

Potassium nitrite (a) . 




KNO3 . 

137.8. ... 

Potassium nitrate [Solid Le id nitrat 


... 

KNO3 [Pb(NO,)cl ... 

138 8. . 

Potassium chlorate . • 



• 

KCIO, . 

139 8, . 

Sodium chloride (••) ... 

... 

Uf 

U* 

NaCl 

140 s. . 

Sodium bromide • 




NaBr . » . 

1418. ... 

Potassium iodide 

•t0 



KI 

142. . 

Sodium phosphate 




Na2HP04.12H20 

143 ... 

Sodium arsenate (<>) 

••• 

... 

... 

Na2HA804 12H,0 ... 

144 8. . 

Borax (®2) .... 




Na 2 B 407 . IOH 2 O 

146 ... 

Potassium bichromate . 

.u 

... 


K2Cr«)07 ... 

146 8. . 

1 Sodium silicate (^3) 




NasSio, 

i Silica (white sand) 

... 


... 

SiOs 

147.8. ... 

Fluor-spar (calcium fluoride) . 

, 



CaF2 ... ... ... 

148. 

Hydrofluosilicic acid («♦) 


... 


HgSiFj 

1498. ... 

Potassium cyanide 




KCy . 

160. • 

Potassium ferrocyanide 

... 

... 


L;4FeCyg.8H20 

161. ... 

^Potassium ferricyanide 



1 

K^FeC/a 

162. 

Potassium sulphocyanide 

... 



KCyS 

163 8. ... 

Ammonium oxalate (o®) 




Am2C204.2H20 

164.8. . 

J Tartaric acid (®^) 




HjT ... 

1 Sodium tartrate («®) 




Na2T.2H20 

166.8. ... 

Sodium acetate (••) 




NaA.8H20 


See No. 13 (1160). 
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IkAcrioNS OP THE Aoid-Radicles. 

applicable to this. Many of the solutions in this list are already prepared 
metals ( 1 x 63 ). 


1 

j Weight of solid in grams 
to be dissolved in one 
Winchester-quart. 

6 . 

Proportion by 
weight of 
solid to water. 

6 . 

Kemarks. 

[The numbers correspond to the small reference 
numbers in brackets In the second column.] 

26 

1 : 100 

57. The NaHCOs is required only m the solid 
form, and can be taken from the reagent 
bottle on the working bench, No 18 ( 1160 ). 

67o. The marble is kept in small pieces as j 
large as a pea , it is found in reagent bottle 
No. 79 (n 6 a) 

... 100 

l ; 25 

58 The FeS is kept as a solid in small pieces as 

. 100 

1 : 25 

large as a pea. 

58o The Am^S can he taken from reagent 

. 100 


bottle No 7 ( 1160 ) on the working bench. 

1 : 25 

59. Strong **Liqaoi bodse Chloinmtffi,’* diluted 

... 100 

1 ; 25 

with an equal measure of water. 

. 60 

1 : 60 

1 : 60 

60 No 102, pai agraph ( 1163 ) 

01 No 121 , paragiaph ( 1163 ). 

... 60 ... 

62 No 19, paragiaph ( 1160 ), 

60 

1 : 50 

03 The solution is iinuic by dissolving lOO 

... 12 

. 60 

1 : 200 
l . 50 

grams of the thick syrup, sold as "soluble 
glass," in water, and diluting to the Win- 

chester-quart The solid substance to be 

... 60 ... 

1 ; 60 

used 18 sand finely ground. 

01 No 35, paragiaph ( 1 x 61 ) 

... 25 

1 : 100 

05 No 42, paragraph (ii 6 x) Tlie solution de- 

composes by keeping, a little solid is dis- 
solved when leiiuiied. 

In fine powder. 

' 

66 No 9, paiagiaph (xx 6 o) 


67. No 30, paragiaph (xi6x). 

0 *. 123 grams of HoT are dissolved by heat in 

. 50 

1 . 50 • 

500 c c of water, the hot solution Is 


1 100 

exactly neutralised with solid NnoCOj, and 

... ... 3 

25 

3 1 . 100 * 

then diluted to a Wmchester-quart. 

69. A little of the solid substance (No 41, xx6i) 

... 25 

1 . 100 

is dissolved, m ben lequu od, m water. 

. 100 

1 ; 26 


1 : 10 

j 
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Il6S. Special Test-Substances and Reagents for the Rarer 
Elements and Organic Substances. 

Only those substances are entered here which do not occur in the preceding lists. 


I INORGANIO TEST-SUBSTANOES 

Thallium sulphate, . . . TI2SO4 
Sodium tungstate, . Na2W04 

Palladium chloride, . PtlCl2 

Ammonium molybdate, Am2Mo04 


II Organic Test-Substanobs— C on<d. 


Iron selenide, . . . . FeSe 

Potassium selenate, . . £2^604 
Lead telluride, . . . FbXe 
Potassium tellurate, . . £2X004 
Uranium nitrate, .... U02(N03)2 
Indium sulphate, . . . 102(^04)^ 9H2O 
Beryllium sulphate, . Be^S04;^ 
Titanium oxide, . . . TiOa 
Sodium vanadate, . NaVOs 
Lithium chloride, . . LiOl 
Rubidium chloride, . RbCl 
Csesium chloride, .... CsCl 
Sodium phosphite, Na^^HOs 
Sodium hypophosphite, Nal?H202 
Potassium pernianganate£2Mn208 
Potassium manganate . £2Mn04 


Mercuric cyanide solu- 
tion, HgCya 

Potassium bicarbonate, 

solution, £B;COs 

Tin. granulated, . . . .Sn 
Hydi^en peroxide, di- 
lute add solution, . . HaOj 
Caldum sulphate, in fine 
powder, ....... CaSOi 


Morphine hydrochlorate, 

strychnine, 

Naicotme, . . . 

Brucine, 

Caffeine, . . . 

Turpentine, ... 
Benzene, . ... 

Chloroform, 

Iodoform 

Methyl alcohol, .... 
Ethyl alcohol, , . . 

Glycerol 

Phenol, 

Hydroquinone . . 

Pyrogallol, 

Aldehyde, ... 

Chloral hydrate, . . . 
Benzaldehyde, . . . 

Acetone, 

Urea, 

Aniline 

Ether, 

Ethyl acetate, . . . 

Carbon disulphide, . . 
Nitrobenzene, . . . 

Glucose (Dextrose), . . 

Levulose, 

Cane Sugar, 

Maltose, 

("setose 

CelMose 

Starch powder, .... 

Dextrin, < 

Albumsn, ....... 

Gelatin, . . . , 


.Ci 7 Hi 9 NO«.pCl 

G21U22NW2 

• CiQUie 

cfe% 

CHIo 

CH45 

C2H6O 

CgHgOa 

c® 

C2HCl80.HaO 
C7HgO 
. C3HAO 
•OHiNgO 
.CgHylT 
. C4HJ0P 

.CeH^iNOa) 

. Ci^aaUii 
. Ci^aaOii.Hap 
. C^gHgaOi^ D 

. (CqHioO^ 


. o^gi 


II. Orqanio Tbst-Substanom. 

Sodium formate, . . . NaHCOo 
Ammonium succinate, . AmoOJi^4 
Ammonium benzoate, . AmCV&fiOa 

Malic acid, 

Sodium dtrate, .... N^C«H507.2] 

Salioylie acid, 

Tannic add, UiiHioOg 

Gallic add, 

Meconlc add, C7H4O7.8H2O 

, Ammonium urate, . . . Am(;{^8N40i 
Hippuitc acid, 


ric add. 

Inine sulphate, . . 
idionlne sulphate, . 


Mercuric nitrate, ^letttral 

solution, ....... HsrfNOs)^ 

Quicklime, in powder, . . CaO 
Potassium bicarbonate, 

Bolutioc, EHCOs 

loao add, solution (1 : 16),HI08 
Iodine, in small fragmentif — 

Yeast from a brewer, . . — 

Rochelle salt, KNaT:4H^ 

Rosauiline^ — 

Magenta, 

Zinc otJerida, ZnCk 

Amnuminm iodide. . . .IIBil 
Sodium nitropmsside, . . — — 





CHEMICALS FOR SECTION II. 
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Ii66. Chemicals required for Section II. 

In the following list those substances which are used only for Sec- 
tion II. are marked by letters of the alphabet. The bottles contain- 
ing these substances should be arranged apart in alphabetical order. 
Against others a number is placed ; this indicates that the substance 
is used for analytical purposes, and will therefore be found, together 
with any necessary descriptive remarks, in one of the preceding lists 
(1160-1164) 


Refeiencc. 

Name. 

Formula. 

Rcmaiks. 

A. 

Mercuric oxide . . 

HgO 

The orange-coloured prectpttated 




oxide Is best. 

20. 

Potassium chloiato . . 

KCIO3 

. 1 1— 1,1. 

B 

Manganese dioxide . . 

MnOo 

Commercial oxide In powder. 

C. 

Wood chai coal . . 

c 

in pieces as laige as a hazel-nut. 

57 . 

Lime watci 

Ca(HO)2 

. .. . 

D. 

Sulphur 

S 

Pieces of roll sulphur as large as a 

21 

( Lltmu8 and tui tnei Ic \ 


pea. 

\ papcis . / 



69 . 

Potassium dichiom.»ie . 

K2O12O7 

Solution 

E 

Phosphonis .... 

P 

Pieces as large as half a pea, kept 




in a stoppered bottle under 
water 

F 

Granulated zinc . , . 

Zn 

Not necessarily pure. 

26 

Hydrochloric acid . . 

HCl 

Stiong, pure 

G. 

Calcium chloride . . 

CaCl2 

Fused, solid, in small pieces 

79 

Mai hie 

CaCOo 

In small pieces 

I. 

Hydrochloric acid . . 

HCl 

btiong, commercial. 

J 

Litmus solution 

— 

. X- 

K 

Copper 

Cu 

Turnings, clippings, or filings 

L 

Nitric acid .... 

HNO3 

Strong, commercial. 

63 

I’otassium iodide 

KI . 

Solution. 

64 . 

Starch powder . 

— 

_ — 

1328 

lerroua sulphide. . 

VJsS 

Small pieces. 

116 

Lead acetate . . . 

• PbAo 
NH4CI 

See also 58 . 

M 

Ammonium chloride . 

Solid, commercial. 

82 . 

Slaked Uxno . . . 

Ca(HO)2 

N. 

(Strong jramonia) 

\ solution . , f 

NH4OH 

Liquor ammonlm fortissima. 

0. 

Oxalic acid . . . 

H2C2O4.2H2O 

Solid, In crystals. 

P. 

Sulphuric acid . 

H2SO4 

NaHO 

Strong, commeiclaL 

Q 

Sodium hydrate . . 

Stiong solution in water 

R. 

Manganese dioxide . 

Mn02 

In small pieces 

s. 

Oil of turpentine , . . 

— 


T. 

Dutch metal . 


Leaf from a small book. 

U. 

“Turkey red'* . . . 

— 

In strips 

V. 

Sodium chloride . . 

NaCl 

In pieces as large as a hazel-nut 
broken from a lump of lock salt. 

8 

Nitric acid . . . . . 

IlNOj 

48 

Sliver nitrate ... * 

^ 4 N ^5 

CaHeO 


W. 

92 

Ammonium nitiate . . 
Aleohol . . 

Solid, in small pieces. 

Sp gray. 0 * 88 . 

43. 

Bromine water . . . 

Br 

X. 

Soda lime . ... 


Pieces size of millet seed. 

41. 

Sodium acetate . . . 

NaA 8H2O 
NH4HO 

Crystallised. 

6. 

Ammonium hydrate 

Solution. 

9. 

17. 

Ammonium oxalate 
Barium ohloilde . . . 

(NH 4 ^Ca 04 

It 

7 

Ammonium sulphide . 

' 1 ^ 

II 

t9. 

PotasBiiun nitrate . . 

Solid. 
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CHEMICALS FOR SECTION III. 


[ 1167 , 


1167 . Chemicals required for Section III. 

With few exceptions,* these substances are required either 
for analytical purposes, and are tabulated in paragraphs 
II 60 “II 64 , where they may be found by the number 
placed in the first column ; or they are already entered in 
the list of substances required for experiments on the gases 
( 1166 ), where they may be found by the reference letter in 
the first column. A letter (s) affixed to the number of 
reference indicates that the substance is required in the 
solid condition. See note at heading of paragraph II 63 . 


Nutnbei oi 
letter of 
reference 


SO. 

llSs. 

79 . 

2 

4’i 

3 

17 . 

3 

1 . 

A. 

M. 

100 « 

IH. 

rT 

10 

628 

102 

1168 

1188 . 

6 


Potassium nitmte 
Copper sulphate 
Maiblc 

Hydiochloiic acid 
Coppei . , 

Nitiicacul 
Haiium chloride 
Ammonium carbonate 
•Iiltci -paper 
Sulphuric acid 
Mcicuilc oxide 
Ammonium chloride 
Potassium chloiid 
Sodium cai bonatc , 
*Haiium sulphate 
^langnncsc dioxide 
Poitix . 

•Icnous sulphate 
SiKlium chloildc 
Wood charco'il 
Lead acetate , 

Copper sulphate 
Ammonium h>diuto 
f Litinus-p »pcr . 

\ Tiirmcilc-i»apcr 
♦^Inc oxide 


1 oimula. 


KNO 3 

CUSO4 ‘illoO . 

CaCOj 

HCl 

Cu. 

n\03. 

HaCl2.2H20. 

AmgCO^ . 

In sheet, 01 cut 
II2SO4. 

HgO. 

NH4CI. 

KCl 

Na 2 C 03 
BaS04 . 

MnOa 

Va3B407. 

FeS04 THoO . 
XuCl. 


/nO. 


* The exceptions are filter-paper (iiai), «ojd charcoal (iiS3), 
zinc oxide, and barinm sulphate. 
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SUBSTANCES TO BE GIVEN FOR ANALYSIS BY 
THE PRECEDING TABLES. 

It must be understood that the substances mentioned below are 
merely brought forward as examples of what may be given to the 
student for analysis. The teacher will use his own judgment in 
adopting and extending the list. 


Substances for Analysis while trying through the 
Reactions for Metals and Acid-radicles. 

Il68. After working through the reactions for a Group of 
Metals or Acid-radicles, a few unknown substances contain- 
ing only one member of the Group are tested ; the number 
of members present is gradually increased in the substances 
which are subsequently given.^ It is well to keep these 
substances in the dissolved state (1163, 1164), since they 
are intended mainly to afibrd practice in separation and 
detection according to the Group-tables ; the time^ spent by 
the student in preparing the solution would therefore be 
wasted. Occasionally, however, a solid substance may be 
giv jn, in which the metal pr*Acid-radicle present is to be 
detected by blowpipe tests, or by other tests made on the 
solid substance. ->The foTlowing will serve as examples : — 


Group r. 

SolntioD of KaCl 
- - 

I I NaCl+KCl 

. « NaCl-|-NH4Cl+ 

fCCl 

n I, NaCl4'NH4Cl 

Solidti NaCl,NH 401 ,KCl, 
AinCl+Naa, 


Group IV, 

Solution of BaCL SH^O 

M .. CaClo.SHoO 

- 

•• ■’Sftg'iS.o 

+CaCL.0H|O 
» » BaCl5.2Hs0+ 

Sr(NO,)^4irp 


Group Ill.b. I 

Solution of ZnS 04 . 7 HgO 

„ „ MnCL 

„ „ NIS0;.7H,0 

„ „ Co(NOjVdHjO 

„ „ MnClo+ZnSOi 7H»0 

■ 

ZnS0^7H,0 
(fee., dbc., »c. 

Solidi: MnCl„ NiSOi.THjO, 
CoINOaVeHsO. 

ZuS 04 . 7 Ha 0 , Ac. 
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Substances for Analysis by the directions contained in 
Section Y. 

1169. Any one of the solutions named in paragraphs 
1163, 1164 may be given for analysis by Section Y. : some 
of these are neutral, some acid, and others alkaline in 
reaction. The following more difficult solutions, with acid 
or alkaline reaction, may also be added to the list : — 


Acid. 

Alkaline. 

Ca 3 (P 04 ) 2 . “Bone-ash" dissolved in 
dilute HCl 

BaC 204 dissolved in dilute HCl. 
Mg(B02)2* „ „ HCL 

BaCr04 „ „ HCL 

KSbOtt dissolved in water 

NasSiOs, solutiou of “soluble glass.” 
NaoSnOs, “ preparing salt” of the dyer. 


Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs 1 163, II64 may be given 
for analysis by paragraphs ^32, et seq. 

As examples of substances possessing metallic apj>earance 
(969), the following may be mentioned as suitable for 
analysis : — 


Zn. in pieces or filings. 


NiAs, Kupfernickel. 

Pb 

t 

Graphite, or Black lead. i 

FeSj, Iron pyrites. 


Iron filings. 


As insoluble substances which require to be examined by 
paragraphs 970, et seq,, the following may be given for 
analysis : — 


BaS04. 



CttFj, Fluor spar. 

PbS04. 

FeCr,04, Chrome Iron ore. 

AgCl. 

S, as piwes of roD sulphur. 

SnOf, Tinstone. | 

C, as powdeAd wood (marcoal or plum* 


bago. 


♦ Made by mixing hot solutions of and Mg(N03). 
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Solid Substances to be analysed by the Preliminary 
Examination in Section VI. 

1170. For the Preliminary Examination for Metals (989) : — 


Simple 

Complex, 

NH 4 CI 

HgCI, 

AsoO, 

kNo, 

Cr, 0 , 

P^NOa), 

NaCl 

BaCl. 2 H 2 O 
Sr(N 0‘,)2 4H,0 
CUSO 4 oHjO 
(See note ) 

ZnS04 7H,0 
MnCl/ 

Co(N 03 >, 611 .0 
NiS04 7HoO' 
SuOa 

AmCH-NaCl 
HgClj+BaCL 2 H 2 O 

NiS04.7H,0+ 

ZdS04.71120 

A1K(S04)2 12HO 
SnOo+SNNOjh 4n20 
CaC 0 j+ZnS 04 7 H 2 O 
C’roO,+iInCl,+ 
Naa 


Note . — Best finely powdered, since its colour is then almost 
destroyed. 

For the Preliminary Examination for Acid-radicles (996) : — 


Sxmple. 

Complex, 

CaCO, 

Na-nSO, 7 II 3 O 
CaC’,0 

NaCf 

FeS 

KNO, 

KCIO, 

K1 

Nfty^Oi 5 II 2 O 

KBr 

NaA 

CaCO,+KNO, 

CaCl20+CaF2 

Na^COj+KI 

a 


A few of the above mentioned solids may then be ex- 
amined by both Preliminary Examinations for Metals and 
for Acid-radicles, 


Substances to be analysed by the General Course in 
Section VL 

II71. The following Jists are so arranged that the analysis 
of the substances contained fti them is more diBicult in each 
column proceeding from left to right, and usually in pro- 
ceeding in one and the same column from top to bottom. 
For examples of alkaline solutions, see paragraph 11(^9. 
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1. 

Simple soluble 
Buostances. 

2 , 

Complex soluble substances. 

8. 

Complex soluble 
suDstanoes. 

BaCl 2 . 2 H 20 

MnCl, 

HgCl2 

MgS04.7H20. 

I KCl 

1 NiS04.7Ha0 
, »CaCO, 
PKNOa), 

•AsaO, 

FcjClf 

NH 4 CI 

Nad 
<feo.« (fee. 

Cadj 6H2O+BaC!l2.2HaO+Sr(N0,)2.4H3O 
A 1 K(S 04)2 12H20+CrK(S04X I 2 H 2 O 
]M!uCl 2 +ZnS 04 71l20+CuS04»5H20 
Pb(NOa)2+Hga2+Naa 
* A 82 O 8 + CaCOj + BaCO, 
♦ZnO+MgCO,+KaOt 
*MgCO,+BaCOa +PbCO, 

&C., (fee. 

[ Fe^Clf 
) MnCla 
) ZnS 04 . 7 H ,0 

(kci 

/ cSSSo4)2 I 2 H 2 O 

(Co(NO,)2.6H20 

(b 1 (N 0,)3 6 H 20 . 
dm., dto. 


I 4. 

' Substances yielding a 
( Fhosphate precipitate 
I m Group 111. 


( CaCL.CHjO 
FejCl, 

[ Na2HP04 12HaO 

f Baa..2H20 

I MgCfj 


Fe^Cl* 

[Na^HPO*. 


I2H3O 


Co<N 03>, 6H2O 
- ttH^O 


CaCL t 

MucL 
CrK(S04)2 I2H2O 
>a.3UPQ4 I2H2O 

4&C., <&C. 


Substancea »artly or 
entirely insoluble. 


BaS04 
SiO^-^8 
Ba3U4 + LaF^ 

( BaCl2,2H30 
j AiK(S04Xj.;2r30 

{f 

PbS04+BaS04 
PbUrU4, igmted. 


Metallic mbgtarusei {ta&jet8eq.)\ 
Iron pyrites ' 


Iron filings (Fe) 

Zinc clippings (Zn) 

Brass filings (Cu+Zn) 
German silver (Cu+Zn +NI) 
Bronze (Cu+Sn) 

Type-metal (Sb+Sn+Pb) 


Silieatei (zo8o>-~ 

Fire-clay (Al2p,.2S%) 
Brown-clay (do. +Fe) 
Window-glass (Na, Ca, SiO..) 

Flint-glass (Pb,K,SI02) 


Cyanogen Compounds (xoSa)-^ 
Any of the foregoing winch 
has been mixed with KCy, 
KCyS, K4reCy-.8H20, 

• K^FesCyis, K^CosCyij 


To be given in the soUd state. 






1172 .] 


MINBEALS FOE ANALYSIS. 


497 


1172. NAMES AND FORMULiE OF MINERALS CONTAINING 
COMMON METALS, AND SUITABLE FOR ANALYSIS. 


Xote —The pi incipal constituents only are stated below, the traces of impurities 
or of other constituents are omitted. Minerals which contain the less common 
elements are not mentioned here, but some of them will be found above the 
reactions of each of the rarer elements in Section IV The minerals are langed 
under the heading of the principal metal which they contain, and the metals aie 
placed in the order in which they occur in their Groups in Section IV. 


Potassium 

Nitre, or Saltpetre, KNO3 
Potash felspar, or ( )rthocIa'<o, 
K20.Al20.j6Si0.2 , and other 
double silicates. 

Alumstone, 

K 2 SO 4 3Al2(S04)(0H)4 
Silvmo, KCl 
Kaimte (see Mo) 

Carmillitc, KCl.MgCI.jeHaO. 

Sodium : — 

Kocksalt, NaCl. 

Native soda, NajCO^ lOH.jO* 
Trona, N1I2CO3 NaHCOj 31120 
Cubic nitre, or Chili saltpetK, 
NaNOj. 

Glauber salt, Na2^04 IUH2O 
lioravjOrTIncal, Na.>ll40<7 lOHjO 
Glauberlte, Na2S04 CaS04 
Cryolite, AIF3 3 NaF 
Soda felspar, or Albite, 

Na^O AI2O3 6S1O2 ; and othei 
double silicates 

Magnesium : — • 

Periclase, AlgO. 

Bnicite, Mg02H2 
Magnesite, MgCO.j • 

Dolomite, or Mi^nesiau Liiue- 
stoue, (Mg,Ca)CUa. 

Kaiuite, MgS04 KCI.6H0O. 
Kieserite, Mg804.H20. 

Epsomite, MgS04.7H20. 
Meerschaum, Mjg2H23Si03,H20, 
and other silicates. 

Boracito 

Spinel, MgO.AlgOa 

Barium 

Heavy-spar, BaS 04 . 

Wltherlto, BaCO. 

Strontium 

Celestine, SrS04. 

Strontianite, SrCU. 


I Calcium:— 

Calcspar, Arragouito, Marble, 
Chalk, Limestone, CaCOj. 
Gypsum, CaS04 2H2O. 
Alab.ister, Selenite, Anhydiite, 
CaS04 

Fluoispai, CaFj 

Apatite, CaaCPO ) .Ca(Cl,F)2. 

; Aluminium: — 

, Corundum, AI2O3. 

I Bauxite, AI2OJ H2O (Fe>< >j) 

I Diasixne, AI2O3 HD. 

I Alumstone (see Potassium) 

I Cryolite, AIF3 3 NaF. 

Felspar (see K aud \a), and 
I other silicates. 

I ^ Clay, AI^SLO^ 2H2O. 

Iron : — 

Meteorite, Fe-f-Ni 
Red liaematite, FcoDj 
Specular iron 010, Fe, 0 .j 
Brown haematite, Fe40,j{OH). 
Magnetic iron oxide, Fe304. 

Iron pyrites, FeS*> 

Spathic iron ore, FeCOj : min- 
gled with clay m Clay-iron- 
stoue, and with bitumen in 
Blackband-ironstouc. 

Chromium : — 

Chrome ironstone, FeCr204. 
Crocoisite, PbCr04. 

Zinc:— 

Kod zinc ore, ZuO. 

Zinc blende, ZuS. 

Calamine, ZnCOj 
Silioious or Electric Calamine, 
ZiiSi04.HaO. 

Fmnklinlte, (Zn, Fc) O FejOt 

Manganese 

Pyrolusito, MnOs 
Braunite, MugOs. 


32 
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Hausmannite, M03O4. 

Mang^anite^ MD2U2O4. 
Psilomelane, (Mn, Ba) ().Mu02 
Manganese spar, MnCOj 

Nickel 

Kupfernickel, NIA‘4 
Nickel glauco, Ni (As, 8)2 
Nickel silicate, 2 Ni(>, 3 SiOa 

Cobalt:— 

Speiss Cobalt, (Co, Ni, Fc) Aso 
Cobalt glance, or Smalilue, 
(Co, Fe) (As, 8)2 

Mercury : — 

Cmnabai, IlgS. 

Lead - 

Crocoisitc, l‘bCr04. 

Galena, or l^cad ‘^par, TbS 
Cerushite, TbCOj 
Angleslte, PbS04 
Leadhilhte, rbS04 SPbCOj 

Bismuth : — 

Bismuth ochre, Bi20j. 
Bismuthite, or Bismuth glance, 
BijSj, and double sulphides. 

f- 

Copper ; — 

Red copper ore, CU2O. 

Copper glance, CU2S. 

Peacock iBoppcr ore, CU2S. 
Copper pyrites, CuFeS2 
Malachite, CuCOa CaH202. 


Cadmium: — 

Greenockite, CdS. 

Arsenic : — 

Realgar, Aa282 

Orpiment, As^S. 

Arsenical nickel, NiAso; Kup- 
fernickcl, NlAs; and many 
other metallic arsenides and 
arscno-sulxihidcs. 

Antimony 

Stibnitc or Grey Antimony, 
SbgSg, aud antimony sulpliulo 
combined with other metallic 
sulphides. 

White antimony, 811203. 

Red antimony ore, Sb 203 . 2 Sb 2 S 3 

Tin:— 

Tinstone, Sn02. 

Cassiterite, SnOg. 


Silver : — 

Silver glance, AgoS 
Horn silvei, AgCl 
Pyrargyrite, Ag ^SbSj 
Proustite, AgaAsSs. 


Silica 

Quartz, 8i02. 

Fliut, SiOg. 

Bock crystal, Si02. 
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LIST OF CHEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 


1173 The words in brackets are the Latin names of the elements 
from which the symbols have been derived. The numbers are the 
International Atomic Weights for 1907. 


• Name. 

Symbol 

Atomic 

Weight 

Name 

Synilx)! 

Atomic! 
Weight 1 

Aluminium . 

A1 

271 

Molybdenum . 

Mo 

960 

Antimony (Stibium) 

Sb 

120 2 

Neodymium 

Nd 

143 6 

Argon 

A 

39 9 

Neon 

Ne 

20 

Arsenic 

As 

75 0 

Nickel . 

Ni 

58 7 

Barium . 

Ba 

137 4 

Nitrogen 

N 

14 01 

Beryllium or Glu- ) 

Be 01 

ai ! 

Osmium . 

Os 

191 

ciiium . . j 

G1 

9 1 

Oxygen . 

0 

16 00 

Bismuth . 

Bi 

208 0 

Palladium 

Pd 

106 5 

Boron . 

B 

110 

Phosphorus 

P 

31 Q 

Bromine . 

Br 

79 96 

Platinum 

Pt 

194 8 

Cadmium 

Cd 

1124 

Potassium (Kaliiiin) 

K 

39.15 

Ciesium . 

Cs 

132 9 

Praseodymium 

Pi 

140 5 

Calcium 

Ca 

401 

Radium . 

Rd 

225 

Carbon 

C 

12 00 

Rhodium 

Rh 

103 0 

Cerium . 

Ce 

140 25 

Rubidium 

Kb 

855 

Chlorine . 

Cl 

35 45 

Ruthenium . 

Ru 

101 7 

Chromium 

Cl 

521 

Samarium 

Sa 

150 3 

Cobalt . 

Co 

590 

•Scandium 

Sc 

441 

Columbium . 

Cb 

94 

Selenium 

iSe 

79 2 

Copper (Cuprum) 

Cu 

036 

Silicon . 

Si 

284 

Erbium . 

Kr 

166 

Silver (Argentum) 

Ag 

107 93 

Europium 

Ell 

152 

Sodium (Natiium). 

Na 

23 06 

Fluorine . 

F 

19 O 3 

Stiontium 

Sr 

87 6 

ladolinium . 

Gd 

li^ 

Sulphur . 

S 

32 06 

Gallium . . 

Ga 

70 

Tantalum 

1 Ta 

181 

Germanium . » 

Ge 5 

72 5 

Tellurium 

Te 

127 6 

Gold (Aurum) . 

Au 

197 2 

Terbium . 

1 Tb 

159 2 

Helium . 

Ho 

40 

Thallium 

' T1 

2041 

Hydrogen 

U 

1008 

Thonum . 

Th 

‘232 5 

Indium . 

In 

115 

Thulium 

1 Tm 

171 

Iodine , 

I 

126 97 

Tin (Stannum) 

! Sll 

119 0 

Iridium . 

Ir 

193 0 

Titanium 

1 Ti 

481 

Iron (Ferrum) 

Fe 

55 9 

: Tungsten (Wolfi a- 1 



Krypton 

Kr 

81-8 

mium) . . I 

W 

184 

Lanthanum . 

La 3 

1389 

Uranium 

U 

2385 

Lead (Plumbum) . 

Pb 

1 206'4 

Vanadium 

V 

51 2 

Lithium . 

Li 

: 703 

Xenon . 

1 

128 

Magnesium . 

Mg 

24 30 

1 Ytterbium 

! Yb 

173 0 

Manganese 

Mn 

56 0 

Yttrium . 

Yt 

890 

Mercury (Hydrar- ) 

Hg 

200 0 

1 Zinc 

Zn 

65 4 

gyrum). . [ 


1 Zirconium 

Zr 

906 
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1174 . THERMOMETRIC SCALES. 

There are two thermometric scales in use, the Centigrade and the 
Fahrenheit ; the former of these is rapidly becoming universal for 
scientific purposes. The temperatures, which are occasionally referred 
to in this treatise, are given on the Centigrade scale. Tne two scales 
are mutually convertible by the following formulae, in which F.° 
represents a temperature on the Fahrenheit scale, and C.® a tem- 
perature on the Centigrade scale : — 


, 5(F ® - 32) 


WEIGHTS AND MEASURES. 

I lys. The corresponding values of the French and English Weights 
and Measures are given in the following tables. The use of the 
French or decimal system is strongly recommended by its extreme 
simplicity. The smaller denominations are obtained by taking a 
tenth, hundredth, thousandth, &c., of the unit chosen ; and they are 
designated by the Latin prefixes deci-, centi-, milli-, &c. The higher 
denominations are 10 times, 100 times, 1000, &c., times the unit, 
and are named by the Greek prefixes deca-, hecto-, kilo-, Lc, 

The starting-point of the French system is the “metre” ( = 39*37 
inches) ; this is the “ unit of length.” The “unit of measure ” is the 
“litre,” which is one cubic decimetre. The “ unit of weight ” is the 
“gramme” or “gram,” which is the weight of 1 cubic centimetre 
of distilled water at 4® C. (See Note p. 602. ) 

The chief conveniences arising from the use of this system are 
1st. That all the different denominations can be written as one ; 
since they are either multiples by ten, or are decimal fractions, 
of the unit. Thus 5 decagrammes, 3 grammes, 4 decigrammes, 
8 milligrammes would be written 53*408 grammes. 

2nd. That since 1 cubic centimetre of water at 4® C. weighs 1 
gramme, we may obtain the weight of a known measure of water by 
simply converting the measure into cubic centimetres , the number 
thus obtained will represent the corresponding weight of the water 
in grammes. Of course this conversion is strictly accurate only when 
the water is measured at 4® C, But fdt’ ordinary purposes the error 
introduced, when the water is at the temperature of the air, Is too 
small to be of any importance in the preparation of solutions. 

The weights and measures, which are most frequently used for 
chemical purposes, are the gramme, the millimetre (njim.), the litre, 
and the cubic centimetre (c.c.), which is of a litre. 
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1176. ENGLISH WEIGHTS AND MEASURES. 



APOTHEOARIES WEIGHT. 



AVOIRDUPOIS WEIGHT. 

lb 

oz 

drms scruples 

grains. 

lb. 

oz. drms grains. 

1 = 

12 

= 96 = 288 = 

6760 

1 

= 16 = 266 = 7000 


1 

= 8 = 24 = 

480 


1 = 16 = 437 5 



1 = 8 = 

60 


1 B 27*343 



S3 

20 




Imperial Mbasurb. 


gallon. pints. fluid 02 fluid drms. 

1 =, 8 = 160 = 1280 
1 =3 20 = 160 

1 8 

1 gallon = 70,000 grains of water at 16"*7 0. 

1 fluid ounce = ^ pint = 437*6 „ „ 

1 gallon =3 277 280 cubic ini*''*’* 

1 fluid ounce ** 1*733 „ 


1177. FRENCH WEIGHTS AND MEASURES. 


MJiASUEES OF LENGTH. ENGLISH. 



meti e. 


inches. 

imile furlong yards feet. 

inches 

Millimetre = 

0 001 

=; 

0 03937 

5= , 


, 

• 

0 03937 

Centimetre = 

0 01 

ss 

0 39371 

= • 


*• 


0 39371 

Decimetre = 

01 

ss 

8 93708 

as , 



, 

8 9371 

Metre = 

1 0 

= 

89 37079 

s: , 


, 

8 

3 371 

Decametre = 

10 0 

=; 

893 70790 

as , 


10 

2 

97 

Hectometre = 

100 0 

= 

8937 07900 

=s 


109 

1 

1 

Kilometre = 

1000 0 


39370 79000 

= . 

4 

213 

4 

10 2 

Myriometre = 

10000 0 

= 

398707 90000 

• 

= 6 

1 

166 

0 

6 


■» j inch ^0 0254 metre = 2 6399 centimetres, 

rfoot =0 3048 „ 

1 sq. inch =0*4514 sq. centimetres. 


MEASHBES QF CAPACITY. 


1 litre =1 cubic decimetre. 


(Mlimitre.or K_ 

(Cubic centimetre (c c ) ) 
Centilitre = 

Decilitre = 

Litre B 

Decalitre = 

Hectolitre = 

Kilolitre 

Myriolitre « 


litre. I cubio inches. 


0*001 

a 

0*06103 

0*01 

a 

0*61027 

0*1 

a 

6*1027 

1*0 

a 

61027 

10*0 

a 

610*27 

100 0 

a 

6102 7 

1000 0 

a 

61027 0 

10000*0 

B 

610270 0 


1 cubio Inch = 0*01639 litre. 

1 cubic foot = 28*81631 litres. 
1 gallon B 4*54336 ,, 


pints. 

0*00176 

0*01761 

0*17608 

1*76077 

17*60778 

176*07734 

1760*77841 

17607*78414 
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MBASUBES OB WBIGHT. 


1 grams the weight of 1 cubic centimetre (c.c.) of water at 4* C. 


Milligram 

Centigram 

Decigram 

Gram 

Decagram 

Hectogram 

Kilogram 

Myriogram 


grams. 

= 0-001 
= 0-01 

=S 0-1 

grains. 

a 0-01643 

=> 0 15432 

a 1 54S23 

Avoirdupois. 

= 10 

= 16-48285 

lbs. oz. drmi. 

= 10 0 

= 154-82849 

= 0 0 666 

= 100 0 

a 1548-28488 

= 0 8 86 

= 1000 0 

= 15432-S4880 

= 28 6 

=. 10000 0 

=> 154823-48800 

= 22 1 2 


1 grain = 

1 02 . (Troy) = 

1 lb. (Avoirdupois) = 


0 0649 gram. 
SI loss grams. 
453*593 ,1 


ATofe —In J curtailing the word from gramme to gram, the risk of mistaking 
gram for gram or vice vcrsd must be guai'ded against, as such a mistake 
would lead to vei*y serious error 
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A BBREVIATED formulae and words 
Acetaldehyde, reactions of . 

,, solubility of . 

Acetate, detection in analysis . . 309, 356, 

,, reactions of * 

Acetic acid, reactions of . . . 

Acetic ether, 

Acetone, ,, ,, 

Acetylene, preparation from calcium carbide 
,, properties and tests . 

Acid reaction ..... 

Acid, test for . 

Acid- radicles, detection of, in simple substancesj 
,, ,, detection of, in complex substances 

,, ,, ,, ,, in org*‘nio substances 

,, ,, reactions of . 

Acids, organic, solubility of 

,, removal from clothes {see Caution) 

Adding acid or alkali in excess 
Agate mortar ..... 

Alabaster ...... 

Albuminous substances, reactions and solubility of 
Alcohols, reactions and solubilixy of 
Aldehydes, reactions and solubility of . 

Alkaline reaction . ^ . 

Alkaloids, geneikl reactions of 

,, detection in analysis . . . 422, 

,, solubility of 

Alloys, analysis of 
Alum stone 

Aluminium, det^iction in analysis 
,, minerals 
,, reactions of 

Amidobenzene {see Andine) * 4 

Amido compounds, reaction^nd solubility of 
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